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NITROGEN-CONTAINING SPIROCYCLIS 




SUMMARY OF THE INVENTION 



This invention is concerned with novel spirocycles of general structural formula : 



R — M 



10 




I-P-M 



or 



R 2 ' 




15 



I 



II 



which are Class III antiarrhythmic agents, and positive inotropic or cardiotonic agents, wherein Ar 1 is a car- 
bocyclic or heterocyclic group, M is a carbocyclic or heterocyclic group, or a functional group, R is a bridging 
20 group and X. Y and Z are independently a carbon or a heteroatom. 

The invention is also concerned with pharmaceutical formulations comprising one or more of the novel com- 
pounds as active ingredient, either alone or in combination with one or more of a Class I, Class II or Class IV 
antiarrhythmic agent. 

The invention is also concerned with a method of treatment of arrhythmia and impaired cardiac pump func- 
25 < tions with the above-described novel compounds and formulations thereof. 

The invention is further concerned with processes for preparing the novel compounds. 

BACKGROUND OF THE INVENTION 

30 Arrhythmias often occur as complications to cardiac diseases such as myocardial infarction and heart fail- 
ure. In a serious case, arrhythmias give rise to a ventricular fibrillation and can cause sudden death. 

Though various antiarrythmic agents are now available on the market, those, having both satisfactory 
effects and high safety, have not been obtained. For example, antiarrythmic agents of Class I according to the 
classification of Vaughan-Williams which cause a selective inhibition of the maximum velocity of the upstroke 

35 of the action potential (Vmax) are inadequate for preventing ventricular fibrillation. In addition, they have prob- 
lems regarding safety, namely, they cause a depression of the myocardial contractility and have a tendency 
to induce anythmias due to an inhibition of the impulse conduction. Beta-adrenoceptor blockers and calcium 
antagonists which belong to Class II and IV respectively, have a defect that their effects are either limited to a 
certain type of arrhythmia or are contraindicated because of their cardiac depressant properties in certain 

40 patients with cardiovascular disease. Their safety, however, is higher than that of the antiarrhythmic agents of 
Class I. 

Antiarrythmic agents of Class III are drugs which cause a selective prolongation of the duration of the action 
potential without a significant depression of the Vmax. Drugs in this class are limited. Examples such as sotalol 
and amiodarone have been shown to possess Class III properties. Sotalol also possesses Class II effects which 
45 may cause cardiac depression and be contraindicated in certain susceptible patients. Also, amiodarone is sev- 
erly limited by side effects. Drugs of this class are expected to be effective in preventing ventricular fibrillations. 
Pure Class III agents, by definition, are not considered to cause myocardial depression or an induction of 
arrhythmias due to the inhibition of the action potential conduction as seen with Class I antianh.ytbmic.agents. 

A number of antiarrhythmic agents have been reported in the literature, such as those disclosed in : 
50 (1) EP 397,121-A, (2) EP 300,908-A, (3) EP 307,121, 

(4) US 4,629,739, (5) US 4,544,654, (6) US 4,788,196, 

(7) EP application 88302597.5, 

(8) EP application 88302598.3, 

(9) EP application 88302270.9, 
55 (1 0) EP application 88302600.7, 

(11) EP application 88302599.1, 
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(12) EP application 88300962.3, 

(13) EP application 235,752, 

(14) DE 3633977-A1, 

(15) US 4,804,662, 
5 (16) US 4,797,401, 

(18) US 4,806.536. 

Compounds of similar structure are found in Japanese patent publication 88-63533-B of Daiichi Phar- 
maceutical Co. ; J. Med. Chem., 19, 1 31 5 (1 976) by Bauer et al ; lorio et al in M.Farmaco-EdSci., 32, 21 2-21 9 
10 (1977) : Houlihan et al, U.S. Patent 3.686.186 ; Davis et al. U.S. Patent 4.420,485; Kealey, U.S. Patent 
4,810,792 ; Parham et al, J. Org. Chem., 41, 2629 (1976). None of the compounds disclosed in the foregoing 
references are alleged to have antiarrhythmic activity. 

Now with the present invention, there is provided a new use as antiarrhythmic agent for many of these 
known compounds and a group of new compounds of similar structure with an increased degree of activity. 

15 

DETAILED DESCRIPTION OF THE INVENTION 

The novel compound of this invention has structural formula : 

20 



R — M 
I 



25 




I II 



or a pharmaceutical ly acceptable salt thereof, wherein Ar 1 is an aromatic ring selected from 
35 1) benzo, 

2) thieno, 

3) furo, and 

4) pyrido ; 

the ring system comprising X, Y and Z is a 5-, 6- or 7- membered ring system wherein X, Y and Z are 
40 independently 

— O— , C=0. CHOR 5 ,— MR«— , CHNR 7 R 8 , — S(0) n — , C=NOR 9 , — {CR'R 5 )*— , =CH— , =N— , or a bond, 
wherein : 

R 4 and R 5 are independently 
a) hydrogen, or 
45 b) C^alkyl ; 
R 6 is 

a) hydrogen, 

b) Chalky!, 

c) (CH^-CerVR". 
50 wherein R 10 is 

i) -N0 2 , 

ii) C^alkyl, 
Hi)— O-C^alkyl, 
iv) halo, 

55 v) — CF 3 ,or 

vi) hydrogen, 

d) — CO-C^alkyl, or 

e) _ CO-C 6 m-R 10 ; 

3 
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R 7 and R 8 are independently 

a) hydrogen, 

b) C^alkyl, unsubstituted or substituted with 
-(CR<R5) n -(CR*R5) fl -R", 

5 wherein g is 1-5, and R 1 1 is 

i) hydrogen, 

ii) — OH : or 

iii) — OC^alkyl, 

c) — CO-C^alkyl, unsubstituted or substituted with 
10 i) — OH, 

ii) — N(R*R S ), 

iii) — OC^alkyl, or 

iv) — C0 2 R 5 , 

d) -^CO-C8H 4 -R 10 ,or 

15 e) R 7 and R 8 taken together with the nitrogen atom to which they are attached represent a 5 or 6 mem- 
bered saturated heterocyclic ring, unsubstituted or substituted with oxygen or hydroxy, which may con- 
tain an additional heteroatom selected from N, S(0) n or 0, such as pyrrolidine, morpholine, piperidine, 
pyrrolidinone, piperidinone, piperazine or N-methylpiperazine ; 
R 8 is 

20 a) hydrogen, or 

b) C^alkyl, unsubstituted or substituted with— COOR 5 ; 
nis0,1or2; 

with the proviso that in Structure I, if X or Y is a heteroatom, the other of the two is a carbon atom ; and that in 
Structure II, if Y is a heteroatom, both X and Z are carbon atoms ; if X is a heteroatom Y is not ; and if Z is a 
25 heteroatom Y is not, i.e. X, Y and Z must be selected so that there are not two adjacent heteroatoms ; 
M is 

1) -H, 

2) — OH, 

3) -©(Chalky!), 
30 4)— CN, 

SJ-WHSOzC^alkyl, 

6) — COOH, 

7) — COOC^alkyl, 

8) — C0NR«R13, wherein R 12 and R 13 are independently 
35 a) hydrogen, 

b) C^alkyl, or 

c) R 12 and R 13 taken together with the nitrogen atom to which they are attached represent a 5 or 6 
membered saturated heterocyclic ring which may contain an additional heteroatom selected from N, 
S(0)„ or O, such as pyrrolidine, morpholine, piperidine, piperazine or N-methylpiperazine, 

40 9)— NRi 2 R«, 
10) halo, 

12) C5_aCycloalkane, 

13) C^cycloalkene, or 
14) 




50 

wherein s is 1-3 and the R 3 groups may be the same or different ; 
Ris 

-(CR>R5) m -Q-(CR<RV-. wherein 

R 4 and R s are as defined above, 
55 m and q are independently 0-5, 

Q is a bond,— O— , C=0, CHOH, N-R 5 or— S(0)„— 

with the proviso that if Q is —O—, N-R 5 or — S(0),f— , m is other than 0 or 1 , and the further proviso 
that if Q is— O— , N-R s or — S(0),f— , and M is any functional group connected through a 
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heteroatom, q is other than 0 or 1 ; 

Ri t R2 and R 3 are independently selected from : 

1) hydrogen, 

2) C,^ alkyl, either unsubstituted or substituted with 

a) — NR 4 R S , wherein R* and R s are as defined above, 

c) — NHS0 2 (cJialkyl), 

d) _C0NR 1Z R 13 . wherein R 12 and R 13 are as defined above, 

e) -CO(C^alkyl). 

f) — OH, 

g) -O(C^alkyl). 

h) — OfC^alkylWC^Ikyl). 

i) _ SCOyc^alkyl), 
j) imidazole, 

k) 2-imidazolidinone, 

I) 2-pyrrol!dinone, 

m)— MH-C(NHR 5 )=N-CN, or 

n)— NH-C(SR5)=N-CN, 

3) — OH, 

4) 0,-3 alkoxy, either unsubstituted or substituted with Cm alkoxy, 

5 ) _M(R5)S0 2 (C 1 ^alkvi), 

6) — N(R5)S0 2 (CH2) fl C0 2 H, 

7) -^(R^SOatCHJoCOjC^alkvi, 

8) — N0 2 . 

g)_W(RS)coc 1 ^alkyl, 

10) — N(R5)SO r C e H 4 -R 4 . 

11) _N(R5)CO-C 6 H 4 -R< 

12) — NR 4 R 5 , 

13) halo, 

14) _CO-C^6alkyl, 

15) — CONR 12 R 13 , 

16) — CN, 

17) — C0 2 R 5 , 

18) — C(R5)=N-OR9, 

ig) benzoyl, either unsubstituted or substituted with C^alkyl, C,^alkoxy, halo, or hydroxy, 

20) — N(R5)COO(C,_ealkyl), 

21) — NtRSJCOO-phenyl either unsubstituted or substituted with C^alkyl, C^alkoxy, hydroxy or halo, 

22) — NKRSJCONR'R 5 , 

23) — S(0) n C,_ealkyl, 

24) -S(0) n -C 6 H 4 -R< 

25) — CF 3 , 

26) phenyl, either unsubstituted or substituted with C^alkyl, C^alkoxy, halo or hydroxy, 

27) imidazolyi, 

28) — S0 2 NR 12 R 13 , 

2 g)_ NIStOJzC^alkylHCHzJpCN], wherein p is 2-5, 

30) _M(R5)-C(NR*R 5 )=N-CN, 

31) _N(R5)-C(SR5)=N-CN,or 

R'and R 2 on adjacent carbon atoms taken together with the Ar 1 to which they are attached represent : 
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is 



SO 




-CO. 



CO. 



Co- to- 



B is a ring of 5 to 8 members ; and 

Ar2 is a single or fused ring carbocyclic or heterocyclic ring system containing up to 4 heteraatoms such 
mono- or bicyclic system selected from : 

1) benzene, 

2) pyridine, 

3) benzofuran, 

4) quinoline, 

5) benzofurazan, 

6) benzofurazan-N-oxide, 

7) benzimidazole, 

8) indole, 

9) indoline, 

10) benzothiafurazan, 

11) benzothiafurazan-N-oxide, 

12) 1 ,3-dihydro-2,1 ,3-benzothiadiazole, 

1 3) 1 ,3-dihydro-2,1 ,3-benzothiadiazole-2,2-dioxide, 

14) 1,3-dihydro-2H-benzimidazole-2-one. 

15) 2,1-benzisoxazole, 

16) quinoxaline, 

17) 1,2-benzisoxazole, 

18) indane, 

19) tetralln, 

20) benzocycloheptane, 

21) benzodioxane, 

22) 1,3-benzodioxole, 

23) imidazole, 

24) naphthalene, 

25) benzocyclobutane, 

26) thiophene, 

27) thiazole, 

28) phthalimide, 

29) pyrimidine, 

30) imidazolidin-2-one, 

31) furan, 

32) pyridine-N-oxide, 

33) pyridone, 

34) indolin-2-one, 

35) tetrazolopyridine, 
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36) 2,3-dihydrobenzofuran, 

37) benzomorpholine, 

38) isoquinoline, 

39) pyrimidindione, 

40) N.N-di^alkyOpyrimidindione, 



41) pyrazine, and 

42) pyridazine ; 

with the proviso that if Ar 1 is benzo, and R 1 and R 2 are hydrogen, hydroxyalkyl or alkoxy, then M is other than 
unsubstituted phenyl or hydrogen. 

In a preferred embodiment of the novel compound Ari Is benzo orthieno, especially benzo substituted with 
an electron withdrawing group such as nitro or methanesulfonamido. 

In a particular it is preferred that R 1 and R 2 are independently selected from : 

a) -N0 2 , 

b) — NHSO^C^alkyl), 

c) — SO^C^alkyl), 

d) — NHSO r C 6 H 4 -R4, 

e) _SO r C 8 H 4 .R4, 

f) hydrogen, or 

R 1 and R 2 taken together with the Ar 1 group to which they are attached represent : 



R 4 




It is also preferred that the spirocycle B is spirc-piperidine, especially wherein the nitrogen atom is in the 
3'. or 4'- position, and more especially in the 4'- position. 

It is also preferred that R is a bond, or alkyl, unsubstituted or substituted with hydroxyl ; and 
Mis: 

a) — OH, 

b) — CN, or 

c) -<Ar 2 MR3), 
wherein Ar 2 is : 

i) benzene, 

ii) pyridine, 

iii) benzofurazan, 

iv) tetralin, 

v) thiophene, 

vi) furan, or 

vii) 2,3-dihydrobenzofuran, 
and wherein s is 1 or 2, and R 3 is : 
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i) hydrogen, 

ii) C,_e alkyl, either unsubstituted or substituted with 

A) — OH. or 

B) _ NR4R5 wherein R 4 and R<* are hydrogen or d_« alkyl, 

iii) — OH, 

iv) aikoxy, either unsuDStituted or substituted with C- - aifemw 

v) -N(R5)S0 2 (C M alkyl), 

vi) — N0 2 , 

vii) — NtRSJCOC^alkyl, 

viii) — N(R5)COO(C 1 _ 6 alkyl), 

ix) halo, 

x) — CO-C^alkyl, 

xi) — CONR 4 R5, 

xii) — CH=N-OR4, 

xiii) — CN, or 

xiv) — SfO^d-salkyl, wherein n is 0-2. 

-u A!f, m0 [ e prefenred that— R-M be n-hexyl ; unsubstituted or substituted with hydroxy or cyano, or that M 

£2L^^ 4-su.femoylphenyl 4-methanesulfonamidophenl 

21,? ^ o;2-methyl-6-pyr,dyl, especially benzofurazanyl, phenyl, 4-fluorophenyl. tetralin-2-yl, 6-cyar£ 
teiraiin-2-yl or 4-cyanophenyl. 

In the cyclic moiety comprising X Y and 2 preferred structures are as follows : 

x^; xr* x& yy. 

CO) n 

x>. XX x£ 30. 

I I 

x> xrxr;o . 

(0) n 



I 

CO) 



where W is C=0, CH 2 , CHOH, C=NOR*, or CHNR 7 R S , and R< R- Re, R7, R8> R9 and n are as defined aboye 
It is even more preferred that the cyclic moiety comprising X, Y and 2 is : 



55 
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■X>. 30. 

n 

)6*)o*» X? 5 

It is further preferred that the cyclic moiethy comprising X.Y, and Z is : 

O 

OH 

X^.«)0* 

It is most preferred that the cyclic moiety comprising X, Y and Z is : 



55 
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Preferred compounds include : 

3,4Kiihydro-1 4(6-(^anch1 ,2,3,44etrah^ 
an-2,4'-piperidinel-4-one ; 

3,4^ihydrc-1 4(6^ano-1 ,2,3,4-teta^ 
opyran-2,4'-piperidine]-4-ol ; 

3,4^ihydrc-1 4(6-cyano-1 ,2,3,4-tetrahydron 
opyran-2,4'-piperidine] ; 

1-[(5,6J,8-tetrahydro-2-naphtha!enec^onitr^ 
ano[2,3-f]benzimidazo!e] ; 

1-[(5^,7,84etrahydro-2-naphthalenecarbonit^ 
,6'(1'H)-pyranop,3-f]benzimidazole] ; 

3,4^ihydrc-142^benzofurazarH5-yl)e%^ 
ine]-4-ol ; 

3,4^ihydro-3-memyl-6-methanesulfonamidc>1^ 
piperidine]-4-ol ; 

3,4Kiihydro-1'-p^4Hyanophenyl)ethy^ 
piperidine]-4-one ; 

6^ethanesulfonamido-1'-hexyl^-hydroxy-3,4^ihydrospiro[(2HV1-benzopyran-2,4'-piperidine] ; 
3,4Klihydro-3-methyl-6-memanesulfo^^ 
piperidine]-4-one ; 

methanesulfonamide, N-[146-<^ano-1,2,3,4-tetrahydro-2-naphthalenyl)-3 t 4-dihydro-4-oxospiro[2H-1- 
benzopyran-2,4'-piperidin]-6-yl]-; 

cis or trans- 3,4-dihydro-1 '-[(6-cyano-1 ,2,3,4-tetrahydro-1-hydroxy-naphthalene)-2-yl]-6-niethanesul- 
fonamido-spirot(2H)-1-benzopyran-2,4'-piperidine]-4one; 

4-acetamido-3Adihydro-1'-[(6^yano-1,2,3,4-tetrahydronaphthalene}-2-yl]-6-rnethanesulfonam 
[(2H)-1 -benzopyran-2,4'-piperidine] ; 

3/Wihydro-14(6-cyancM,2A4-teti^ydronaphthate^ 
an-2,4'-piperidine]-4-ol ; 

3/Wihydro-14(6^yano-1,2^4-tetrahydronaphthalen^ 
an-2,4'-piperidine] ; 

1.[2-(4-cyanophenyl)ethylH^8'-dihydro-8'^xospiro[piperidine^,6X1'H)-pyrano[2>f]benzimidazole] ; 
142-(4-cyanophenyl)ethyl]^3\^8'-tetraM^ 
imidazole ; 

3/Wihydro-1H2K4-cyanophenyl)ethyl]-6Hra^ 
one ; 

3,4-dihydro-1'-hexyl-6-methanesulfonamido-spiro[(2H)-1-benzopyran-2 f 4'-piperidine]; 

3^ihydro-1'4iexyl-64nethanesulfonamido-spiro^^^ 

14iexyl-2\^7' ; 8Metrahydro-2V8'^ioxos^^^ 

3,4KJihydro-1'-[2Hbenzofurazan-5-y!)ethyl]-6-methanesulfonamido-spira[2H)-1-benzop^ 
ne]-4-one ; 

3,4Klihydro-1'-^berEofurazan-5-yl)ethyl]-6-methane$ulfonamido-spiro[(2H)-1-benzopyran-2 
ine]; 

7^8'^ihydro-1-hexyl-8'•<)xospiro[pipe^idi^e-4,6'-(1H)-pyrano[2,3-flbenzimidazole]; 
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3,4-dihydro-1^(7-hydroxyheptyl)^methanesulfonam 
3,4-dihydro-1'-(6-hydroxyhexyl)-6-methanesuIfonam 

or 

3,4-dihydro-1 r -heptyl-6-methanesulfonamido-spiro[(2H)-1 -benzopyran-2,4'-piperidine]-4-one ; 

]4-one ; 

3,4^ihydro-1'-hexyl-6-methanesulfonyI-«piro[(2H)-1-benzopyran-2,4-piperidine]-4-one ; 

H(5,6 t 7,8-tetrahydro-2-naphthalenerarbonitrile)^^ 
-pyrano[2.3-f]benzimidazole] ; 

1-{(5 t 6,7,8-tetrahydro-2-naphthalenecarbonitrile)-6-yl] -2',3',7',8'-tetrariydro-8'-hydroxy-2'-oxo-spi- 
ro[jpiperidine-4,6'(1 'H)-pyrano[2,3-f]benzimidazole] ; 

H(5,6,7,8-tetrahydro-2-naphfoalenecarbonitn1e)-^ 
-fjbenzimidazole] ; 

H(5,6,7,8-tetrahydro-2-naphthalene(»rbon^ 
>pyrano[2,3-f]benzimidazole] ; 

4-aeetamido-3 j 4^ihydrG-1'-{(6-cyano-1,2,3,4-tetrahydro^ 
H)-1-benzopyran-2,4'-piperidine] ; 

cis or trans- 3,4-dihydro-1 '-[(6-cyano-1 A3,4-tetrahydro-1-hydroxy-naphthalene)-2-yl>6-methanesulfonyl- 
spiro[(2H)-1-benzopyran-2,4'-piperidine]; 

3,4-dihydro-14(6-cyano-1,2,3,4-tetrahydronaphthalene 
H)-1-benzopyran-2,4'-piperidine]-4-one ; 

3,4-dihydro-14(6-cyano-1,2,3,4-tetrahydronaph^ 
benzopyran-2,4'-piperidine]-4-one ; 

cis or trans- 3,4Klihydro-14(6-cyano-1,2,3,4-te^^ 
fonamido-spiro[(2H)-1-benzopyran-2,4'-piperidinel; 

and phanmaceutically acceptable salts thereof. 

The term "alky!", if the numberof carbons is unspecified, means C,_«alkyl and "alkyl" of three or more carbon 
atoms includes straight chain, branched chain and cycloalkyl. 

Also included within the scope of the present invention are the non-toxic pharmaceutical^ acceptable salts 
of the novel compounds. Acid addition salts are formed by mixing a solution of the compound with a solution 
of a pharmaceutical^ acceptable non-toxic acid such as hydrochloric acid, fumaric acid, maleic acid, succinic 
acid, acetic acid, citric acid, tartaric acid, phosphoric acid, or the like. Also included within the scope of this 
invention are N-oxides and G|_«alkyl quaternary ammonium salts. 

Also included within the scope of this invention are diastereomers and enantiomers of the novel compounds 
and mixtures thereof. In particular if the two bridging groups joining the spiro carbon with the nitrogen of B are 
not identical, such as in a spiro-3-piperidine, chirality is introduced and the racemate and both enantiomers 
thereof are embraced within the scope of this invention. 

Nomenclature utilized herein is intended to unambiguously identify specific chemical entities. However, 
there may be more than one way to refer to a particular compound. For example, the compound : 



0 




may be named as : 

3,4-dihydro-142-{benzofurazan-5-yl)-ethy0-6^ 
dine]-4-one hydrochloride and also named as : 

N-[1'-[2-(5-berizoturanzanyl)ethyl]-3,4-dity^ 
nesulfonamide, monohydrochloride. 

Both methods of nomenclature have been utilized herein. 
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The novel processes of this invention can be exemplified by the following Reaction Schemes : 



5 



10 




The process of Scheme I comprises addition of the piperidine across the vinyl group by heating a mixture 
of 1 part of the piperidine compound with about 1-2 parts of the vinyl compound in an aqueous lower alkanol 
such as methanol or ethanol in the presence of 1-2 parts of sodium or potassium acetate for about 2-20 hours 

20 at about reflux temperature. 

Reaction Scheme II comprises N-alkylation of the piperidine with a slight excess of the phenalkyl alkylating 
agent Although the leaving group exemplified is bromo, equivalent leaving groups are chloro, mesyl, tosyl, or 
the like. The two reagents are stirred at about 1 5°C to about reflux temperature in a suitable solvent, preferably 
one in which the reagents are soluble such as a lower alkanol, such as acetonitrile, methanol, ethanol or pro- 

25 panol in the presence of an acid scavenger such as sodium or potassium bicarbonate or carbonate, an organic 
amine or an appropriate ion exchange resin for about 10 to 40 hours. 

30 -"Vtvos ^^b-@ 




40 Reaction Scheme III depicts alterations of substituents such as sulfonylation with an alkanesulfonyl 
chloride by standard procedures. 

Reaction Scheme IV is reduction of a dihydrothiopyranone carbonyl with a complex metal hydride such as 
sodium borohydride in methanol, lithium aluminum hydride in THF or di-isobutylaluminum hydride in THF at 
about room temperature. 

45 



50 
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Reaction Scheme V demonstrates dehydration to provide compounds unsaturated in the 3,4-position and 
proceeds at about room temperature in an ethereal solvent such as THF over a period of about 1 0 to 20 hours 
under the influence of dilute strong acid. 

Reaction Scheme VI shows preparation of sulfoxides which proceeds readily with sodium metapenodate 
in aqueous solution at about room temperature over a period of about 2 to 10 hours. 




Reaction Scheme VII depicts the oxidation to the sulfone under the influence of Oxone® {potassium 
peroxymonosulfate) in aqueous solution at about 5° to 30°C over a period of about 2 to 8 hours. 




Reaction Scheme VIII illustrates the preparation of compounds bearing a substituent on the benopyranone 
by condensation of an ortho-hydroxyacetophenone with 1-acetyl-4-piperidone in the presence of pyrrolidine in 
methanol at or near solvent reflux temperature for a period of about 1 to 14 days. Reaction Scheme VIII further 
illustrates the incorporation of substitutents on the aromatic rings. Nitration with nitric acid, catalytic reduction 
of the nitro group with hydrogen and Raney-Nickel catalyst in acetic acid (or by standard procedures) gives 
the amine which may be sulfonated with an alkansulfonyl chloride by standard procedures. The acetamide 
may be cleaved by treatment with hydrochloric acid in methanol at or near solvent reflux temperature for about 
2 to 10 hours. The 4-piperidinyl compound so obtained may be utilized for the processs of Reaction Scheme 
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r rsr-nHLCfO .MCC3QCH,CHn 



DMF 




As shown in Reaction Scheme IX 2-oxoindolines may be sequentially alkylated with (2-bromoethyl)-N-car- 
bethoxyethanamine as a solution in N,N-dimethyl formamide in the presence of sodium hydride. The resultant 
1-ethoxycarbonyl-piperidinyl compound is reacted under the procedures of Reaction Scheme VIII followed by 
the procedures of Reaction Scheme I or II. 




Also, as shown in Reaction Scheme X, the carbonyl of the 2-oxoindoline may be reduced by treatment with 
a hydride reducing agent, such as lithium aluminum hydride in tetrahydrofuran. The resultant piperidinyl com- 
pound is then reacted under the procedures of Reaction Scheme I or II. 




Reaction Scheme XI illustrates the preparation of oximes of the ketone on the benzopyranone ring. Treat- 
ment of the ketone with hydroxylamine hydrochloride or methylamine hydrochloride in N,N-dimethylformamide 
in the presence of pyridine gives the corresponding hydroxylimine, or methoxylimine, respectively. 
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Reaction Scheme XII depicts the preparation of N-substituted dihydrospirobenzopyran-3,3'-piperidine 
starting from an appropriately N-substituted ethyl nipecotate. Formation of the enolate by treatment with a 
strong non-nucleophilic base, such as lithium diisopropylamide or lithium bis(trimethylsilyi)amide is followed 
by alkyiabon with a 2-fluorobenzyl halide. The ester is reduced with a hydride reducing agent, such as lithium 
aluminum hydride and the resultant alcohol is cyclized by treatment with sodium hydride to give the dihydros- 
pirobenzopyran-3,3'-piperidine. 

The novel compounds of the present invention, have the pharmacological properties required for the anti- 
arrhythmic agents of Class III, namely the prolongation of the myocardial action potential in vitro , without a sig- 
nificant depression of the Vmax, and the prolongation of QTc-interval in anesthetized dogs. 

In addition those compounds wherein R 3 represents hydrogen, when M is Ar 2 and Ar 2 is phenyl, Ar 1 is benzo 
and R 1 and R 2 are independently hydrogen, hydroxyalkyl or alkoxy also have the pharmacological properties 
required for the antiarrhythmic agents of Class III. Moreover, the members of both groups of compounds in gen- 
eral are much more potent than the reference drug, sotalol. 

These compounds are effective in treating and preventing all types of arrhythmias including ventricular and 
atrial (supraventricular) arrhythmias. The compounds of the present invention are especially useful to control 
reentrant arrhythmias and prevent sudden death due to the ventricular fibrillation. These compounds are also 
effective in treating and preventing impaired cardiac pump funcitons. 

In the novel method of this invention of treating arrhythmia, one of the compounds or pharmaceutically 
acceptable salt thereof, is administered in an amount ranging from about 0.0O01 to about 20 mg per kg of body 
weight per day, preferably from about 0.001 to about 1 0 mg per kg of body weight per day in a single dose or 
in 2 to 4 divided doses. 

These compounds can be administered as the sole active ingredient or in combination with other antiar- 
rhythmic agents or other cardiovascular agents. 

These compounds, or pharmaceutically acceptable salts thereof, in the described dosages, are adminis- 
tered orally, intraperitoneally, subcutaneously, intramuscularly, transdermally, sublingually or intravenously. 
They are preferably administered intravenously or orally, for example in the form of tablets, troches, capsules, 
elixirs, suspensions, syrups, wafers, chewing gum, or the like prepared by art recognized procedures. The 
amount of active compound in such therapeutically useful compositions or preparations is such that a suitable 
dosage will be obtained. 

The following examples are given for the purpose of illustrating the present invention and shall not be con- 
strued as being limitations on the scope or spirit of the instant invention. 

EXAMPLE 1 

2'-Nifro-1-(2-(2-pyridyl)emyl)-spiro(pipe^ 

Step A : Preparation of N-Benzoyl-4-carboxymethyl-4-<2-thienothio)piperidine 
15 
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A solution of 21.2 g (182 mmo!) of 2-mercaptothiophene and 40 g (163 mmoles) of N-benzoyl-4-(car- 
boxymethylidine)piperidine in THF (400 ml) was treated with 8.4 g (1 1 .6 mL, 83 immole) of triethylamine and 
heated to reflux for 5 hours. The reaction mixture was concentrated to dryness and partitioned between ethyl 
acetate and 0.5 N HQ. The aqueous phase was then extracted with ethyl acetate and the combined organics 
were dried over MgS0 4l filtered and concentrated in vacuo. The residue was crystallized from ethyl acetate to 
give SB g (93%) of the product. mn=1 RS-1 87°C- 

~H NMR W (CDCI 3 ) 5 7.4 (d, 1H), 7.38 (s, 5H), 7.25 (m, 1H), 7.05 (m, 1H), 4.45 (m, 1H). 3.6 (m, 3H). 2.6 (s, 2H), 
1.8 (m. 4H). 

Elemental analysis for C 18 H 19 N0 3 S 2 : 



N C H 

Calculated: 3.S7 59.80 5.29 

Found: 3.84 60.07 5.17 

Step B : Preparation of 1-(Benzoyl)-spiro(piperidine-4,S'(6H)thieno[2,3-b]thiopyran)-4'(5'H)-one 
A stirring suspension of 42 g (1 10 mmoles) of N-benzoyl-4-(acetic acid)-4-(2-mercaptothiophene) in 800 
mL CH 2 CI 2 at 10°C was treated with 2 mL dimethylfonmamide and then 1 6.6 g (127 mmole) of oxalyl chloride. 
The resulting solution was then treated with 52.2 g (348 mmol) of trifiuormethanesulfonic acid and warmed 
slowly to room temperature. The reaction became heterogeneous and was diluted with 700 ml CH 2 CI 2 to faci- 
litate stirring. The reaction was stirred for 3 hours at room temperature and then poured into 2 1 H 2 0. The layers 
were separated and the aqueous phase was extracted with ethyl acetate. The combined organics were dried 
over MgS0 4 . filtered and concentrated in vacuo. The residue was crystallized from ethyl acetate to obtain 38.4 
g product mp = 145-147°C 'H NMR (CDCI 3 ) 5 7.45 (d. 1 H), 7.40 (s, 5H), 7.05 (d, 1 H), 4.6-4.4 (m, 1H), 3.7-3.65 
(m, 1H), 3.5-3.25 (m, 2H), 2.9-2.8 (m, 2H), 2.3-1.6 (m, 4H). 

Step C : Preparation of 2'-Nitro-1-(benzoyl)spiro-(piperidine-4,6M6H)thieno[2,3-b]thiopyran)-4 , (5 , H)-one 
A solution of 1 g (3 mmol) of 1-benzoylspiro(piperidine-4,6'(6H)thieno[2,3-b]thiopyran)-4'( 5 'H)-one in 10 
ml of methylene chloride at 0°C was treated with 612 mg of acetic anhydride and then 380 mg of nitric acid 
(spg = 1.5). The reaction was stinred at room temperature for 9 hours and then poured into 150 ml H 2 0. The 
phases were separated and the aqueous phase was extracted with ethyl acetate. The combined organics were 
dried over MgS0 4 , filtered and concentrated in vacuo. The residue was chramatographed on silica gel (ethyl 
acetate/hexane) to give 760 mg of the product 

'H NMR (CDCI 3 ) 8 8.18 (s, 1H), 7.5-7.38 (m, 5H), 4.3^.15 (m, 1H), 3.60-3.45 (m, 1H), 3.38-3.15 (m, 3H), 3.09 
(s, 2H),2.2-1.8(m,4H). 

Step D : Preparation of 2 , -Nitro spiro(piperidine-4,6 , -(6H)thieno[2,3-b]thiopyran)-4 , (5'H)-one hydrochloride 
A suspension of 1.1 g (2.9 mmol) of 2'-nitro-1 -(benzoyl) spiro(piperidine-4,6'-(6H)thieno[2,3-b]thiopyran)- 
4'(5'H)-one in 25 mL methanol was treated with 25 ml of 6N HCI and heated to reflux for 3 days. The reaction 
was cooled to ambient temperature and the solid collected and dried in vacuo , to give 680 mg (73%) of the 
product, mp = 262°C. 

'H NMR (CDCI3) 8 9.29-9.0 (m. 2H). 8.05 (s, 1H), 3.20-3.00 (m, 2H), 3.00-2.85 (m. 4H), 2.12-1.91 (m, 4H). 
Elemental analysis for C 11 H 12 N 2 O 3 S 2 .HC|.0-5H 2 O 

N C H 

Calculated: 8.49 40.05 4.27 

Found: 8.40 39.80 3.92 



Step E : Preparation of 2'-Nitro-1-(2-(2-pyridyl)ethyO-spiro(piperidine-4,6 , -(6H)thieno[2.3-b]thiopyran)- 
4'(5'H)-one 

A solution containing 660 mg (2.05 mmol) of 2'-Nitro-spiro(piperidine-4,6'-(6H)thienor2,3-b]thiopyran)- 
4'(5'H)-one dihydropyran, 430 mg (4.1 mmol) of 2-vinylpyridine and 557 mg (4.1 mmol) of sodium acetate trihy- 
drate in 10 ml of 1 : 1 methanol/water was heated at reflux for 4 hours. The reaction was cooled to room 
temperature and a solid separated. 

The solid was collected and dissolved in methanol and treated with excess ethanolic HCI. The dihydro 
chloride separated and was collected and dried over night in vacuo to give 482 mg of the product mp = 189- 
192°C 
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'H NMR (DMSO) 8 11.6 (brs, 1H), 8.78 (d. 1H). 8.36 (t, 1H), 8.10 (s, 1H). 7.83 (d, 1H), 7.75 (appt, 1H), 3.7-3.4 
(m, 6H), 3.4-3.2 (m, 2H), 3.19 (bra, 2H), 2.4-2.3 (m. 4H). 
Elemental analysis for C 18 H 19 N 3 0 3 S 2 2HCM3H 2 0. 



m r. w 

Calculated: 8.66 44.58 4.88 

Found: 8.68 44.63 4.65 

EXAMPLE 2 

1-(2-(2-pyridyl)ethyl)spiro(piperidine-4,6'(6H)thieno[2>b]thiopyran)-4 , (5'H)-one dihydrochloride 
Step A : Preparation of Spiro(piperidlne-4,6 , -<6H)thieno[2 t 3-b]thiopyran)-4 , (5 , H)-one hydrochloride 
A solution of 14 g (40.99 mmol) of 1-benzoyi-spiro(piperidine-4,6'-(6H)thieno[2,3-b]thiopyran)-4 , -(5'H)-one 
in 1 50 ml of ethanol was treated with 50 ml of 6 N HQ and heated at reflux for 2 days. The reaction was cooled 
to room temperature and the solid collected by filtration. The solid was dried overnight in vacuo to give 9.03 g 
of the product, mp = 280°C. 

'H NMR (OMSO) 5 9.4-9.0 (m, 2H), 7.47 (d, J=5Hz, 1H), 7.38 (d, J=5Hz, 1H), 3.27-3.17 (m, 2H), 3.10-2.95 <m, 
2H), 2.96 (s, 2H). 2.17-2.00 (m, 4H). 
Elementary analysis for C 11 H 13 NOS 2 .HCI.H 2 0 

N C H 

Calculated: 4.76 44.96 5.48 

Found: 4.77 45,17 5.45 



Step B : Preparation of 1-(2-(2-pyridyl)ethyl)spiro-piperidine-4,6'(6H)thieno[2 t 3-b]thiopyian)-4' (5'H)-one 
dihydrochloride 

Employing the procedures substantially as described in Example 1, Step E but starting with the product of 
Example 2, Step A, there was obtained the title compound with m.p. 213-215°C. 

'H NMR (DMSO) 8 1 1 .5 (br s. 1 H), 8.77 (d, J=5Hz, 1 H), 8.30 (appt. J=8Hz, 1 H), 7.83 (d, J=8Hz, 1 H). 7.75 (appt, 
J=6Hz. 1H), 7.50 (d, J=3Hz, 1H), 7.40 (d. J=3Hz, 1H), 3.6-3.4 (m. 6H), 3.4-3.2 (m, 2H), 3.0 (brs, 2H), 2.4-2.2 
(m, 4H). 

Elemental analysis for CuHzoNzOS^HCUsHaO 



N C H 

Calculated: 6.64 51.23 5.37 

Found: 6.61 51.37 5.22 

EXAMPLE 3 

1-(2-(2-FVridyl)ethyl)spiro(piperidine^,6 , (6H)mieno[2,3-b]thiopyranH'(5'H)-one-7 , ,7'-dioxide 
Step A : Preparation of 1-Benzoyl-spiro(piperidine- ^eHeH^ienoRS-blthiopyranH'tShQ-one?'?'- 
dioxide 

A solution of 4 g (1 1 .7 mmole) of 1-benzoyl-spiro(piperidine-4,6'-(6H)-thieno[2,3-b]thiopyran)-4'-(5H)-one 
in 50 ml THF at 10°C was treated with a solution of OXONE© in H 2 0 (10.82 g, 17.6 mmole in 50 mL H 2 0) and 
warmed slowly to room temperature. After 4 hours at room temperature the reaction mbcture was poured into 
200 ml of saturated NaHC0 3 and extracted with ethyl acetate. The combined organics were dried over anhydr- 
ous MgSO* filtered and concentrated in vacuo. Chromatography of the residue on silica gel (1 : 1 ethyl ace- 
tate/hexane) gave 2.2 g of product, mp = 170-172°C. 

'H NMR (CDCI 3 ) 8 7.60 (d, J=5Hz, 1H), 7.50 (d, J=5Hz. 1H), 7.41 (m, 5H). 4.454.2 (m. 1H), 4.10-3.80 (m, 1H), 

3.6-3.35 (m, 2H), 3.34 (s, 2H), 2.50-2.20 (m. 2H), 2.0-1.65 (m. 2H). 

Step B : Preparation of Spiro(piperidine-4,6'-(6H)thieno[2,3-b]thiopyran)4-(5'H)-one-7,7-dioxide 
Employing the procedure substantially as described in Example 1, Step D but starting with the product of 
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Step A of this Example there was produced the title compound, m.p. 1 1 0°C. 

'H NMR (DMSO) 8 9.4 (m, 1H), 9.0 (m. 1H), 8.18 (d, J=5Hz, 1H), 7.55 (d, J=5Hz, 1H), 3.70-3.S (m. 2H), 3.55 
(s, 2H). 3.4-3.0 (m, 4H), 2.4-2.25 {m, 2H), 2.09-1.95 (m, 2H). 

Step C : Preparation of l^^-pyridyQethyOspirotpiperidine^.SXSHKhienoP.S-blthiopyranH'CSO-one- 
7',7' dioxide 

Employes ths procsd'Jres substsntisliy ss dsscrlbsd in Exsrnpls 1, Stop ?E but stsrtinj v.'Hh th? product of 
Step B of this Example there is produced the title compound, m.p. 148-1 50°C. 

'H NMR (CDCI 3 ) 5 8.55 (m, 1H). 7.6 (m. 1H), 7.58 (d, J=5Hz, 1H), 7.48 (d, J=5Hz, 1H), 7.1 (m, 2H), 3.35 (s, 
2H). 3.05-2.80 (m, 6H), 2.50-2.30 (m, 4H). 1.90-1.78 (m, 2H). 
Elemental analysis for C 18 H2oN 2 0 3 S 2 

N C H 

Calculated: 7.44 57.42 5.35 

Found: 7.46 57.70 5.44 

EXAMPLE 4 

2'-Nitro-1-(2-(6-Methyl-2-pyridyl)e^ 
Dihydrochloride 

Employing the procedure substantially as described in Example 1 , Step E but starting with 2-methyl-6-vinyl- 
pyridine instead of 2-vinylpyridine, there was produced the title compound, with m.p. 115-117°C. 
'H NMR (DMSO) 8 11.9 (brs, 1H), 8.30 (m, 1H), 8.20 (s, 1H), 7.70 (m, 1H), 3.7-3.4 (m, 6H), 3.4-3.2 (m, 2H), 
3.18 (s, 2H), 2.4-2.3 (m,4H). 
Elementary analysis for C 19 H2iN30 3 S-2HCI-3/4 H 2 0 

N C H 

Calculated: 8.57 46.57 5.03 

Found: 8.22 46.57 5.05 

EXAMPLE 5 

1-(2-(6-Methyl-2-pyridyl)ethy»)spiro-piperidine-4,6 , -(6H)thieno[2.3-b]thiopyran-4'(5'H)-one Dihyd- 
rochloride 

Employing the procedure substantially as described in Example 2, Step B but employing 2-methyl-6-vinyl- 
pyridine instead of 2-vinylpyridine, there was produced the title compound, with m.p. 219-222 e C. 
'H NMR (DMSO) 8 11.6 (brs, 1H), 8.3 (m, 1H), 7.7 (m, 2H), 7.5 (d, J=3Hz, 1H), 7.38 (d, J=3Hz, 1H), 3.6-3.4 
(m, 6H), 3.4-3.2 (m, 2H), 3.0 (br s, 2H) 2.70 (s, 3H), 2.38-2.2 (m, 4H). 
Elemental analysis for C 1S H22N20S 2 -2HCI 

JS C H 

Calculated: 6.49 52.89 5.60 

Found: 6-43 52.84 5.51 

EXAMPLE 6 

2 , -Mefoanesulfonamido-1-(2-(6-Methyl-2^ 
5'H)-one ~' " " ~ ~ 

A suspension of 1 .02 g (2.14 mmol) of 2'-nitro-1-(2-(6-Methyl-2-pyr(dyl)etriy!)spiro- piperidine-4,6'(6H)thie- 
no[2,3-b]thiopyran-4'-one in 20 ml of concentrated HCi was treated with 760 mg (6.4 mmole) of tin powder and 
heated on a steam bath for 15 minutes. The reaction mixture was diluted with H 2 0 and the pH adjusted to 
approximately pH 9 with 2N NaOH and saturated sodium bicarbonate solution. The aqueous phase was then 
extracted with ethyl acetate. The organics were dried over MgS0 4 , filtered and concentrated in vacuo . The 
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crude material was dissolved in CH 2 CI 2 , and excess triethyiamine and methanesulfonyl chloride were added. 
After about 1 hour, the reaction was poured into saturated bicarbonate and extracted with ethyl acetate. The 
combined ethyl acetate layers were dried over MgS0 4l filtered and concentrated in vacuo to give 380 mg of 
bis sulfonamide after chromatography {5% CH 3 OH/CHCI 3 ). This material was dissolved in methanol and treated 
with 1 ml of 1 N NaOH, concentrated in vacuo and partitioned between saturated sodium bicarbonate and 
mei'nyiene chioride. The iayers were separated and xhe aqueous phase was extracted repeatedly with 
methylene chloride. The combined organics were dried over MgS0 4 , filtered and concentrated in vacuo . 
Chromatography of the residue on silica gel (5% CH 3 OH/CHCI 3 ) gave 220 mg of the product which was crys- 
tallized from HCI/ethanol/methanol to obtain 165 mg of the dihydrochloride. m.p. 204-206°C. 
'H NMR (DMSO) 5 1 1 .4 (br s, 1 H), 10.58 (br s, 1 H), 8.25 (m, 1 H), 7.65 (m, 2H), 6.95 (s, 1 H), 3.85-3.60 (m, 6H), 
3.6-3.4 (m. 2H). 3.03 (s, 3H) 3.02-2.9 (m, 2H), 2.7 (s, 3H), 2.35-2.19 (m. 4H). 
Elemental analysis for C2oH25N 3 0 3 Sa-2HCI.§H 2 0 



N C H 

Calculated: 7.87 45.02 5.28 

Found: 7.85 45.08 5.11 



EXAMPLE 7 

4 , -Hydroxy-1-(2-(2-pyridyl)ethyl)spiro(piperidine-4,6 , (6H)-thieno[2,3-bIthiopyran) 
A solution of 1.6 g (4.6 mmole) of 1-(2-(2-pyridyl)ethyl)spiro(piperidine-4,6'-(6H)mieno-[2.3-b]thiopyran- 
4'(5'H)-one) in 25 mL ethanol was treated with excess sodium borohydrlde at room temperature. After stirring 
for 1 hour the reaction mixture was poured into 100 ml of saturated sodium bicarbonate solution and extracted 
with ethyl acetate. The combined organics were dried over MgS0 4 , filtered and concentrated in vacuo. The 
material was crystallized from ethyl acetate to give 745 mg. of product, rap. 154-155°C. 
'H NMR (CDCI 3 ) 6 8.5 (m, 1H), 7.6 (m, 1H), 7.25-7.00 (m, 4H), 4.9 (m, 1H), 3.04-2.95 (m, 2H), 2.85-2.70 (m. 
4H), 2.6-1.75 (m, 8H). 
Elemental analysis for C 18 H22N 2 OS 2 

N C H 

Calculated: 8.08 62.38 6.46 

Found: 8.01 62.16 6.39 



EXAMPLE 8 

4^Hydroxy-1-(2-(2-pvridyl)ethyl)spiro(piperidine-4.6'(6H)thieno[2,3-b]miopyran-(5'H)-7\7'-dioxidehyc^ 
rochloride 

Using the procedure substantially as described in Example 7 but starting with the 4'-oxo-7',7'-dioxide from 
Example 3, Step C there was produced the title compound, with m.p. 275°C. 

'H NMR (DMSO) 5 11.4-11.2 (m. 1H). 8.78 (m, 1H), 8.35 (m. 1H), 8.0 (d, J=5Hz, 1H), 7.85 (d, 1H), 7.25 (d, 
J=5Hz, 1H), 7.79 (m, 1H), 4.88 (m, 1H). 3.70-3.2 (m, 8H), 2.85-2.7 (m, 1H), 2.60-2.35 (m, 3H), 2.25-2.00 (m, 
2H). 

Elemental analysis for C^H^NiC^-HCI 

N C E 

Calculated: 6.20 47.88 5.35 

Found: 6.12 47.52 5.41 



1-(2-(2~pyridyl)ethyl)spiro(piperidine-4,6'-thienof2,3-b]thiopyran) 

A solution of 600 mg (1.73 mmole) of 4'(5'H)-hydroxy-1-(2-(2-pyridyl)ethyl)spiro(piperidine 4,6'(6H)thie- 
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no[2,3-b]thiopyran in 5 mL THF was treated with 1 ml of 2 N HCI and stirred at room temperature for 15 hours 
and then heated gently overnight The reaction was cooled to room temperature poured into saturated sodium 
bicarbonate and extracted with ethylacetate. The organic phases were dried over MgS0 4 , filtered and concen- 
trated in vacuo. Chromatography on silica gel eluting with 3% CH 3 OH/CHCI 3 gave 88 mg of the product as a 
free base. 

'H NMP /r.nn.\ SRI< fannW l-CU, tU\ T en /„ *u\ 1 An. *,n -J -> r- 

» * \-rr-t- ——i ■••/• \««., .« >/, . . v"i i<v, i.i^viii, in;, < ,\j ^u, o-ori^, in), 

6.88 (d, J=5Hz, 1H), 6.47 (d, J=10Hz, 1H). 5.56 (d, J=10Hz, 1H), 3.0 (m, 2H), 2.8 (m. 2H), 2.7-2.55 (m, 4H), 
2.10-1.80(m,4H). 

The materia! was crystallized from ethanol as the di HCI salt, m.p. 198-200°C. 
Elemental analysis for C 18 H 2 oN 2 S2-2HCI 



K C H 

Calculated: 6.98 53.85 5.52 

Found: 7.02 54.07 5.59 

EXAMPLE 10 

1 -(2-(2-Pyridyl)ethyl)spiro(piperidine-4,6 , -(5 , H, 6'H)thieno[2.3-b]thiopyran) dihydrochloride 
A solution of 800 mg (3.27 mmoles) of 1-(2-(2-pyridyl)ethyl)spiro(piperidine-4 I 6'(6H,)thieno[2,3-b]thiopy- 
ranH'(5'H)-one in 10 ml THF at room temperature was treated with 1 ml of 1 0 M BH 3 DMS (10 mmole) and 
heated to reflux for 12 hours. The reaction was cooled to room temperature and treated carefully with 2 ml of 
6N HCI and reheated to reflux for 2 hours. The reaction was then cooled to room temperature and poured into 
100 ml H 2 0. The pH was then adjusted to 9 with 1N NaOH and saturated sodium bicarbonate. This was ext- 
racted with ethylacetate. The combined organics were dried over anhydrous MgS0 4 , filtered and concentrated 
in vacuo. The hydrochloride was generated in ethanol and recrystallized from ethanol/ether to give 241 mg of 
product m.p. 200-202°C. 

'H NMR (d B DMSO) 8 11.6-11.45 (m. 1H), 8.78 (m, 1H), 8.35 (m, 1H), 7.9 (appd, J=9Hz, 1H), 7.80 (m. 1H), 
7.35 (d, J=5Hz, 1H), 6.90 (d, J=5Hz, 1H), 3.7-3.4 (m, 8H), 3.4-3.1 (m. 2H), 2.8 (m, 2H), 2.4-2.0 (m, 4H). 
Elemental analysis for C 18 H22N 2 S2-2HCI 



N C H 

Calculated: 6.94 53.58 5.99 

Found: 6.94 53.41 6.02 

EXAMPLE 11 

H2-(2-Pyridyl)ethyl)spiro(piperidine-4.6'(5'H)(6'H)thieno[2,3-b1thiopyran-7'-oxide 
A solution of 700 mg (2.11 mmoles) of 1-(2-(2-pyridyl)ethyl)spiro(piperidine-4.6'(5'H)(6'H)thieno[2,3- 
b]thiopyran in methanol (35 mL) was treated with 700 mg (3.27 mmole) of sodium metaperiodate in 35 ml H 2 0. 
The reaction was stirred for 5 hours and then poured into water and extracted with ethyl acetate and methylene 
chloride. The organic layers were combined, dried over anhydrous magnesium sulfate (MgS0 4 ), filtered and 
concentrated in vacuo. The residue was chromatographed on silica gel eluting with 3% CH 3 OH/CHCI 3 to give 
495 mg of the product as a free base. The dihydrochloride was generated in ethanol and recrystallized from 
isopropanol/ethyl acetate to give 175 mg of product m.p. 150°C (dec). 

•H NMR (d 6 DMSO) 8 11.4 (m, 1H), 8.78 (appd, J=6Hz, 1H), 8.35 (m. 1H), 7.98 (d, J=5Hz, 1H), 7.85 (appd, 
J=9Hz, 1H). 7.75 (m, 1H), 7.15 (d, J=5Hz, 1H), 3.8-3.2 (m, 10Hz), 3.05-2.70 (m, 2H), 2.50-250 (m, 2H), 2.20- 
1.80 (m,2H). 

Elemental analysis for Cjer^NaOS^HCI-lHo 



Calculated : 
Found : 



6.34 
6.28 



C 

48.91 
48.96 



H 

6.04 
6.10 
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Hp-Nitrobenzy0spiro(pip eridine^,6^ 

Asuspension of 1 g (3.62 mmoles) of splro (pip8ridine-4,6'-5H-thieno[2,3-b]thiopyran-4'(5'H)-one, 780 mg 
(3.62 mmoles) ofp-nitrobenzyl bromide and 0.5 g of sodium bicarbonate in methanol (20 ml) was stirred at room 
err ?-—-™ 24 hc-j.-s. Ths reaction mixture was poured inio iuu mi ri 2 u ana extracted with methylene 
cnionae. i ne organic layers were dried over MgS0 4 , filtered and concentrated in vacuo . The hydrochloride salt 
was generated in ethanol and crystallized from C 2 H 5 OH/CH 3 OH to give product withTn. p. 238°C 
Elemental analysis for C 1B H 18 N20 3 S 2 HCI 



N C H 

Calculated: 6.81 52.60 4.66 

Found: 6.83 52.49 4.59 



Employing the procedure substantially as described in Example 12. but substituting for the p-nitrobenzyl 
bromide used therein the appropriate alkyl or aryl bromide there were produced the N-substituted spiro-Di D eri- 
dines described in Table I. K 



BP 0 431 §43 A2 
TABLE I 



/ calc 1 d\ 

analysis 
"PC 8 C) C H H 



SB 3.11 6. 45 
31 5. 38 6. 1 6 



->^<^v 58. 00 4. (§1 



4. §4 7. 48 
4. 31 7. 48 



J — - 49.49 4.66 5.54 



250 . 235 5121 i» 

SO. 89 5.13 



__ 0 , Dn SO. 01 4.99 6. ©4 

«HC1 278-280 - — — 

50. 46 4. 80 6. 97 



22 
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CONTINUED j fealc* d \ 

v X^J 235-238 ^ ± JCT ,"•»' 

""•2HC1 30-30 5-29 8.38 

1/4 IPA 

V^V^ 33.88 4.99 fiTTT 
•2HC1 



-^)~*ro a 208-210 55^51 1^47. 7^ 

5fi. 77 4,. 49 7. 77 



g 0» 03 5. 83 3. 68 
«0. 09 5. 88 3. 65 



6-05 6.12 



HC1 210 g0 - 96 C. 13 3.55 
60. 69 6. 05 3. 49 

EXAMPLE 25 

"^anWreactbnmbc^^ 

water. The pH was adjusted to 9 with 2N NaOH and ^rlZ ?S I 1 " UteS 3nd P0Ured into 200 m '- 
~-era, time ^ 

and concentrated in vacuo to give 955 mg A small amount wLc SET ^ anhydrous MgS0 4 , filtered 
-htondewas^tal^^^^ 

Elemental analysis for C^H^OS^HCI-Ho P ' " 

N C H 



Calculated: 6.36 51.81 

Found: 6.35 51.95 



5.72 
5.43 



un E d7of^ 



EXAMPLE 26 
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m.p. 128-129'C. 

Elemental analysis for C^HioNzOSa-O.IHzO 



W C 



uao.cuj.atea; o.u> u*..-r«- 

Found: 8.04 62.41 5.83 



EXAMPLE 27 

1-(4-Aminophenyl)spiro(piperidine-4,6'-thieno[2,3-blthiopyran)-4 , (5'H)-one 
m.p. 163-164°C 

Elemental analysis for C 1 7H 18 N 2 OS 2 ; 

MCE 
Calculated: 8.47 61.78 5.49 

Found: 8.39 61.60 5.49 

EXAMPLE 28 

H2-(4-Memanesulfonamidophenyl)ethyl)spiro(piperidinM.6 , -(6H)-thienoI2,3-bIthiopyran)^(5 / H)-one 
A solution of 850 mg (2.37 mmoles)of 1-(2-(4-aminopheriyl)ethyl)spiro(piperidine-4,6'-thieno[2,3-b]thiopy- 
ran)-4'5(H)-one in 10 ml methylene chloride was treated with 500 pj pyridine arid 220 ml 2.85 mmole) of 
methanesulfonyl chloride at room temperature. The reaction was stirred at room temperature for 2 hour and 
then poured into 200 ml saturated sodium bicarbonate solution. The aqueous mixture was extracted several 
times with ethyl acetate. The organics were dried over MgS0 4 , filtered and concentrated in vacuo . The residue 
was chromatographed on silica gel eluting with 3% CH3OH/CHCI3 to give 690 mg. The free base was crystal- 
lized from CH3OH to give 605 mg of product, m.p. 173-174°(X 
Elemental analysis for C20H24NJ.O3S3CH3OH 



W C H 

Calculated: 5.97 53.81 6.02 

Found: 5.95 54.03 6.08 



Following the procedure described in Example 28 and using the appropriate starting materials there were 
produced the products of Examples 29 and 30. 

EXAMPLE 29 

1-(4-Methanesulfonamidophenyl)memyl)spiro(piperidine-4,646H)-thieno[2>blthiopvran)-4'(5'H)-one 
hydrochloride 
m.p. 270°C 

Elemental analysis for C^Hz^OaSyHCI 

N C H 

Calculated: 6.10 49.71 5.05 

Found: 6.18 49.95 5.0^ 

EXAMPLE 30 

1-{4-Methanesulfonamidophenyl)spiro(piperidine-4,6 , -thieno[2,3-bIthiopyran)-4'(5'H)-on6 
24 
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m.p. 158-159°C 

Elemental analysis for C 18 H2oN 2 0 3 S3-Ho 



C 



H 



5 



5.00 



Calculciicu ; 
Found : 




52.52 



A. 90 



10 EXAMPLE 31 

1,3-Dihydro-lHaxo-142K2-pyridyl)-1-ethyl)spiro[2H-indene-2,4 , -piperidineI 

Step A : Preparation of ethyl-1-benzoyl-4-(phenyl-methyl)-4-piperidinecart>oxylate 

To a solution of 7.84 g (30.0 mmoles) ethyl 1-benzoyl-4-piperidinecarboxylate (G.R. aemo and E. Hog- 

15 garth, J. Chem. Soc., 41, (1941) in 60 ml dry tetrahydrofuran at -78°C under argon was added dropwise over 
10 minutes 33.0 ml (33.0 mmoles) lithium bis(trimethylsilyl)amide in tetrahydrofuran and the resulting solution 
was stirred 30 minutes. To this solution was added dropwise over 2 minutes 5.64 g (33.0 mmoles) benzyl 
bromide in 10 ml dry tetrahydrofuran and the resulting solution was sitrred overnight while warming from -78°C 
to room temperature. The reaction was quenched with 20 ml saturated ammonium chloride solution and ext- 

20 racted with 2 x 100 ml ethyl acetate. The combined extracts were washed with 20 ml water and brine, dried, 
and the solvent removed in vacuo to give an oil. The oil was stirred under 25 ml hexane at -15°C, the hexane 
was decanted and the oil was dried in vacuo to give 12.5 g crude product as a viscous oil ; 
'H NMR (deuteriochloroform) : S 1.20 (t. 3H), 1.40 (m, 1H), 1.60 (m, 1H), 2.07 (m. 1H). 2.22 (m. 1H), 2.85 (d, 
2H), 3.08 (m, 1H), 3.65 (m, 1H), 4.12 (q, 2H). 4.65 (m, 1H), 7.04 (m. 2H), 7.24 (m, 3H), 7.38 (m. 5H). 

25 Step B : Preparation of 1-Benzoyl-4-(phenylmethyl)-4-piperidinecarboxylic acid 

To 10.7 g (26 mmoles) crude ethyl 1-benzoyl-4-(phenylmethyl)-4-piperidinecarboxylate was added a sol- 
ution of 1 4.6 g (1 30 mmoles) potassium tert-butoxide in 1 30 ml dimethyl sulfoxide. The resulting purple solution 
was stirred 2 hours to give a dark orange solution. The solution was poured into 500 ml rapidly stirred ice-water 
and acidified with 12 ml concentrated hydrochloric acid. The resulting white precipitate was filtered off, washed 

30 with 3 x 20 ml cold water, then dissolved in 200 ml ether. The ether solution was washed with 3 x 20 ml water, 
and brine, dried, and the solvent was removed in vacuo to give a pale yellow foam. The product was recrys- 
tallized from ether to give 6.63 g (75%) product, m.p. 183-189°C. 

'H NMR (deuteriochloroform) : 8 1.40 (m, 1H), 1.60 (m, 1H), 2.03 (m. 1H), 2.22 (m, 1H), 2.89 (d. 2H), 2.90 (m, 
1H). 3.15 (m, 1H), 3.67 (m, 1H). 4.57 (m, 1H), 7.09 (m, 2H), 7.24 (m, 3H), 7.38 (m, 5H). 
35 Step C : 1'-Benzoyl-1 ,3-dihydro-1-oxospiro-[2H- indene-2,4'-piperidine] 




A solution of 6.14 g (19.0 mmoles) 1-benzoyM-(phenylmethyl)-4-piperidinecarboxylic acid in 61 ml con- 
centrated sulfuric acid was stirred 18 hours at room temperature to give a deep red solution. The solution was 
carefully diluted with ice-bath cooling with 300 ml H 2 0 and extracted with 3 x 300 ml ethyl acetate. The extract 
was washed with 25 ml water and brine, dried, and the solvent was removed in vacuo to give a white foam. 
40 The foam was stirred under ether and filtered off to give 3.61 g (62%) product, m.p. 1 49-1 54°C. 'H NMR (deu- 
teriochloroform) : 5 1.50 (m, 2H), 2.00 (m, 2H), 3.12 (m, 2H), 3.25 (d of d of d, 2H), 3.90 (d, 1H), 4.62 (m, 1H). 
7.43 (m. 7H), 7.63 (d of d, 1H), 7.79 (d, 1H). 

Step D : Preparation of 1,3-Dihydro-1-oxospiro[2H-indene-2,4'-piperidine] 

A solution of 3.66 g (12.0 mmoles) 1'-benzoyI-1,3-dihydro-1-oxospiro-[2H-indene-2,4'-piperidine] in 90 ml 
45 ethanol and 30 ml 6N hydrochloric acid was heated at reflux for 42 hours. An additional 1 0 ml 6N hydrochloric 
acid was added and the solution was heated at reflux for 6 hours. The cooled solution was concentrated in 
vacuo to remove ethanol and the resulting aqueous solution was washed with 2 x 20 ml ethyl acetate. The 
aqueous layer was made basic with 10N sodium hydroxide and extracted with 3 x 75 ml ethyl acetate. The 
extract was washed with 20 ml water and brine, dried, and the solvent was removed in vacuo to give 1 .87 g 
so (77%) product as an oil ; 'H NMR (deuteriochloroform) : 8 1 .35 (d of d, 2H), 1 .62 (broad s, 1 H), 1 .88 (d of d of 
d, 2H), 2.81 (d Of d of d, 2H), 3.10 (s, 2H), 3.17 (m, 2H), 7.38 (t, 1H), 7.46 (d, 1 H), 7.60 (t, 1H), 7.77 (d, 1 H). 
Step E : Preparation of 1,3-Dihydrc>1-oxo-H2-(2-pyridyl)-1-ethyl]spiroI2H-indene-2,4 , -piperidine] 
A solution of 1.01 g (5 mmoles) 1,3-dihydro-1-oxospiro[2H-indene-2,4'-piperidine] and 1.58 g (15 mmoles) 
2-vinylpyridine in 1 0 ml methanol was heated at reflux for 1 8 hours. The solvent was removed in vacuo , and 
55 the residue was purified by flash chromatography on silica gel eluting with 5 : 95 methanol/chloroform. The ma- 
terial obtained was crystallized from 5 : 1 ether/hexane to give 0.80 g (52%) product, m.p. 71-72.5°C. 
Anal. Calc'd. for C20H22N2O : 
C, 78.40 ;H, 7.24 ; N, 9.14. 
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Found : C, 78.58 ; H, 7.37 ; N, 9.14. 
EXAMPLE 32 

To a solution of G.3G6 g (1.0 mmoie) 1,3-dihydro-1<)Ao-r'-[2^2-pyriuyi)-i-Binyij-spiro[2n-indeiie 
piperidine] in 2 ml ethanol was added 0.035 g (1.0 mmole) sodium borohydride. The mixture was stirred under 
argon for 30 minutes, another 0.035 g (1.0 mmole) sodium borohydride was added, and the mixture was stirred 
1 hour. The reaction was quenched with 10 ml saturated ammonium chloride solution, diluted with 3 ml water, 

10 and extracted with 3 x 20 ml methylene chloride. The combined extracts were washed with 5 ml water and brine, 
dried, and the solvent was removed in vacuo to give 0.32 g crude product as a gum. This was purified by flash 
chromatography on silica gel eluting with 5 : 95 methanol : chloroform. The material obtained was crystallized 
from ether to give 0.215 g (69%) product, m.p. 108-113°C. 
Anal. Calc'd. for C^H^O -0.35 H 2 0 : 

15 C, 76.32 ; H, 7.91 ; N, 8.90. 

Found : C, 76.42 ; H, 7.94 ; N, 8.81. 

EXAMPLE 33 

20 I.S-Dihydro-l-oxo-l^^nitrophenylj-l-ethyllspiropH-indene^^-piperidine] 

A mixture of 0.60 g (3.0 mmoles) 1,3-dihydro-1-oxospiro[2H-indene-2,4'-piperidine], 0.71 g (3.1 mmoles) 
4-nitrophenethyi bromide, and 0.28 g (3.3 mmoles) sodium bicarbonate in 3 ml ethanol was heated at reflux 
for 6 hours. The solvent was removed in vacuo and the residue was partitioned between 20 ml ethyl acetate 
and 5 ml dilute bicarbonate solution. The layers were separated and the aqueous layer was extracted with 20 

25 ml ethyl acetate. The combined extract was washed wth 5 ml water and brine, dried, and the solvent was 
removed in vacuo to give 1.08 g crude product as a gum. This was purified by flash chromatography on silica 
gel eluting with methanol : chloroform (2 : 98). The material obtained was crystallized from 1 : 10 methylene 
chloride : ether to give 0.61 g (58%) product, m.p. 187-188°C. 
Anal. Calc'd. for 02^22^03-0.30 H 2 0 : 

30 C, 70.89 ; H. 6.40 ; N, 7.87. 

Found : C, 70.90 ; H, 6.25 ; N, 7.82. 

EXAMPLE 34 

35 1 ,3-Dihydro-1 -hydroxy-1 '-[2-(4-nitrophenyl)-1 -ethy!1spiro(2H-indene-2,4'-pipeiridine} 

To a suspension of 0.21 g (0.60 mmole) 1,3-dihydro-1-oxo-1'-I2-(4-nitrophenyl)-1-ethy]]spiropH-indene- 
2,4'-piperidine] in 4 ml ethanol under argon added in 4 equal portions at 30 minute intervals 0.080 g (2.4 
mmoles) sodium borohydride. After the final addition 3 ml dimethyl formamide was added and the mixture was 
stirred 30 minutes. The reaction was quenched with 5 ml saturated ammonium chloride solution, diluted with 

40 3 ml water. Ethanol was removed in vacuo and the aqueous mixture was extracted with 2 x 15 ml methylene 
chloride. The combined extracts were washed with brine, dried, and the solvent was removed in vacuo to give 
the crude product This was purified by flash chromatography on silica gel eluting with methanol : chloroform 
(1 0 : 90). The material obtained was crystallized from methylene chloride : ether (1:10) to give 0.053 g (25%) 
product, rap. 134-137°C. 

45 Anal. Calc'd. for C^HMNzOa-O.IO^HsfeOO.IO 
CH 2 CI 2 : C, 70.10 ; H, 6.90 ; N, 7.61. 
Found : C, 70.16 ; H, 6.72 ; N, 7.76. 

EXAMPLE 35 

50 

1,3-Dihydro-1H2-[4-(methanesulfonamido)phenyl]-1^thyl}-1^xospiro(2H-indene-2,4'-piperidine] 
A mixture of 0.60 g (3.0 mmoles)1,3-dihydro-1-oxospiro[2H-indene-2,4'-piperidine], 0.28 g (3.3 mmoles) 
sodium bicarbonate, and 0.91 g (3.1 mmoles) 2-{4-methanesulfonamido)phenyl]ethylmethanesulfonate in 4 ml 
ethanol was heated at reflux for 2.5 hours. The solvent was removed in vacuo and the residue was partitioned 
55 between 25 ml ethyl acetate and 1 0 ml dilute sodium bicarbonate solution. The layers were separated and the 
aqueous layer was extracted with 2 * 25 ml chloroform. The combined extract was washed with 5 ml H 2 0 and 
brine, dried, and the solvent was removed in vacuo to give 1.00 g (83%) crude product as a gum. This was 
purified by flash chromatography on silica gel eluting with methanol : chloroform (5 : 95) to give 0.39 g (28%) 

26 
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productasagum. 



To a solution of 0.17 g (0.42 mmoles) product in 1 ml ethanol was added 0.07 ml (0.42 mmoles) of 6N HCI 
2 4 g!c '' Th9 reSUlt ' n9 White precipitate was filtered off to 9 ive 0.12 g (66%) hydrochloride salt. m.p. 246- 
Anal. Calc'd-forCzzHasNjOaS HCI : 

C. e0.7fi ; H ft 9ft ; M ft 4,1 

ruuiid : C, 60.42 ; H, 6.45 ; N, 6.37. 

EXAMPLE 36 

1>Dihyro-6-nit ro-1-oxo-1':r2-(2^^^^ 

Stop A : Preparation of I'-aceM-l. ^ihydro-S-nitro-l-oxospiroBH-inden^^'-piperid inel ' 

Stepj To a solution of 1.13 g (5.6 mmoles) l^ihydro-l-oxospiropH-indene-a^'-piplridine] in 15 ml 
methylene chloride cooled to 0°C was added 1.23 g (12.0 mmoles) acetic anhydride. The solution was stirred 
at 0 for 1 hour and the solvent was removed in vacuo to give crude 1'-acetyispiro[2H-indene-2,4'-piperidine]- 
1 (3H)-one. * 

Step2 To a solution of the crude acetyl derivative in 17 ml concentrated sulfuric acid cooled to 0° was added 
f °J^ f9 ?? nilricacid - The solution was s«nred at O'Cforl hour, atroom temperature for2hours,then poured 

I , J? tn*' The mbcturewas extracted with 3 x 75 ml methylene chloride. The combined extract was 
washed with 20 ml H 2 0 and brine, dried, and the solvent was removed in vacuo to give 1 54 g (96%) crude 
!T2£ /! a / oam ; This was '^crystallized from ethyl acetate to give 1.14 glri%) product, m.p. 176-179°C 

1 / 0m) •' 8 247 (m ' 1H) ' 2 92 (m ' 3H >' ZU < S ' 3H >' 3 - 10 3H >. 3 -30 fa 1H), 3.92 (m, 
1^.4.50^,1^.7.41(1,1^,7.47(41^,7.63(^1^,7.78(^1^. 

StepB : Preparation of 1, 3-Dihydro-6-nitro-1.oxospirof2H-indene-2,4'.piperidine1 hydrochloride 

» Jt?**!£ 1? 1 *™^ and 

2 ml (6mmol) 3N hydrochloncacd in 6 ml ethanol was heated atrefiuxfor 18 hours. Another 0.2 ml (0.6 mmol) 
3N hydrochlonc acid was added and the solution was heated at reflux for 4 hours, then cooled to room tem- 
perature to give a white precipitate. The precipitate was filtered off. washed with ethanol, and dried to give 0 158 

gfPg: Preparation of 1,3-Dihydi^ 

rochlonde. 0.116 g (1.1 mmoles) 2-v.nylpyridine. and 0.090 g (1.1 mmoles) sodium acetate in 1 5 ml of 1 1 

Tl 1 LT e ! WaS heat6d 3t reflUXf ° r 8 h0urs - Ethand ^ removed invae "°- The aqueous residue was 
diluted with 3 ml saturated sodium bicarbonate solution and extracted wimTTlo ml ethyl acetate The com- 
bined extracts were washed with 3 ml water brine, dried, and the solvent was removed in vacuo to give 0 1 95 
g crude product. This was recrystallized from ethyl acetate to give 0.123 g (66%) produ7urTp~l42-144»C 
Anal. Calc'd. for CMH^NaOa O^SHaO: 
C. 67.49 ;H. 6.09 ; N, 11.81. 
Found : C, 67.59 ; H, 6.13 ; N, 11.97. 



1,3-Dir.ydro-6-methanesulfonamido-^^ 
d . ne pE_A- Preparation of 1'-acetyl-1,3-dihv dro-6-methanesulfonamido-1-oxospi ro r2H-indene-2.4'-DiD e ri. 

Stepl To a solution of 0.29 g (1.0 mmole) 1'-acetyl-1.3-dihydro-6-nitro-1-oxo S piro[2H-indene-2,4'-piperi- 
dine] ,n 4 ml acetic acid was added 3.75 ml (4.3 mmoles) of 15% titanium (III) chloride solution in 20-30% 
aqueous hydrochloric acid dropwise and portionwise over 2 hours. The reaction mixture was made basic (pH 
10) wrth saturated sodium bicarbonate solution and 10N sodium hydroxide solution, diluted with 50 ml water 
and extracted with 3 x 50 ml ethyl acetate. The combined extracts were washed with 20 ml water and brine' 
dried.and Ithe solventwas removed inyacuoto give 029 g crude 1'-acetyl-6-amino-1,3^ihydro-1-oxospiror2H^ 
indene-2,4'-piperidine]. 1 

Step2 To a solution of 0.29 g crude 1'-acetyl^mino-1,3^ihydro-1-oxospiro[2H-indene-2.4'-piperidinel 
.it 1 4 ml methylene chloride were added 0.16 g (2.0 mmoles) pyridine and 0.15 g (1.3 mmoles) methanesulfonyl 
chlonde The scluton was stirred 1 hour, diluted with 10 ml methylene chloride and quenched with 5 ml *Z 
rated sodium bicarbonate solution. The layers were separated and the aqueous layer was extracted with 10 
ml methylene chlonde. The combined extracts were washed with 3 ml water and brine, dried and the solvent 
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was removed myacuo to give 0.35g crude product This was crystaHized from 1 : 20 methylene chloride : ether 

S l ( %) Pr ° Ct 38 3 9Ummy SOlid : ' H NMR (deuteriochloroform) : 8 1.50 (m. 2H), 1 .80 (m. 2H) 

« n S ' (S ' 3H) ' 3 ' 06 (m * 3H) ' 3,31 (m ' 1H) ' 392 < m ' 1H >' 4 " 50 1* 1H >- 7 ' 46 «• ™S. 7-66 (m, »£ 

o.io (s, 1n, NH). 

gtep B : Preparation of 1. 3-Dihydro-6-methanesulfonamido-1-oxospiror2IH- indene-2.4'-DiD e ridin fi 1 

« oumuun ui g mmoies) crude l'-acetvM.3^ihvdm4? J T n Rth a no< s ,.ifr,n„r„w«^ :~ ML . : _ 

dene-2,4'-piperidine]-1(3H)-one in 27 ml ethanol and*30 ml 3N hydrochloric acid whi^M^ 18 
hours. An additional 1.5 ml 3N hydrochloric acid was added and the solution was heated at reflux for 4 hours 
^ le ! S ?t co ncentrated ^ fmam ethano| gnd ^ aqueous . ^ 

washed wth 2 x 10 ml ethyl acetate. The aqueoijs layer was made basic with 10N and 1N sodium hydroxide 
then evaporated to dryness in vacuo. The solid residue was extracted with 3 x 50 ml of 1 : 99 methanol ! 
memylene chlonde. The extra* was fi 

as a foam. This was stirred under methylene chloride to give a solid which was filtered off to give 0 47 a (48 %) 

iT^'I^fr '*? T T 0 "^ : 5 1 25 < d ' 2H) ' 1 - 65 < m ' 2H >' lm < d * * 2H). 2.95 ?m, 4H) 
3.02 (s,3H), 4.4-5.4 (broad s,2H), 7.42 (s,1H) f 7.50 (m,2H). 

den §|P^^ preparation of 1>Dihydro-6-Methanesulfonamido-lK)xo-1M2-(2-pvridyl)-1-ethvnspiror2H-in- 

A solution of 0.38 g (1.3 mmoies) 1,3-<lihydro-6-methanesulfonamido.1-oxospiro[2H-indene-2,4'-piperi- 
d,ne] 0.41 g (3.9 mmoies) 2-vinylpyridine and 0.074 ml (0.078 g, 1.3 mmoies) acetic acid in 2.6 ml methanol 
was heated at reflux for 18 hours. The solvent was removed in vacuo and the residue was purified by flash 
chromatography on silica gel eluting with methanol : chloroform (5 : 95). 

The material obtained was crystallized from 1 : 20 methylene chloride : ether to give 0.37 g (71%) product, 
in. p. 209*21 2°C. £ 
Anal. CalC. for CaHjsNsOsSO^O^HsJaOOJS H 2 0 : 
C. 61.19 ;H. 6.71 ; N. 9.82. 
Found : C, 61.25 ; H, 6.55 ; N, 9.87. 

EXAMPLE 38 

1.3-DihydrM-hydroxy.6-me^ 

To a soluhon of0.120g(0.30mmol)1,3^B l ydro-6-memanesulfona m ido-lK)xo.142-(2-pyridyi>1-ethyllspi- 
ro[2H-.ndene-2.4'-piperidine] in 1 ml ethanol under argon was added 0.01 0 g (0.30 mmmol) sodium borohyd- 
nde. Added at 30 minutes intervals were 0.010 g (0.30 mmol), 0.005 g (0.15 mmole), and 0.005 g (0 15 mol) 
portions of sodium borohydride. The reaction mixture was stirred 30 minutes, quenched with 3 ml saturated 
ammomum chloride solution, diluted with 1 ml water and extracted with 3 x 10 ml methylene chloride. The com- 
o !!!? "SS? W6rc W3Shed With 3 ml water and brine ' dried - and tne solve "t «ras removed in vacuo to give 
,lc^ ( } crude P roductasanoil - T bis was crystallizedfrom 1 : 20 methylene chloride : ethlrlol^e 0 096 
g (80%) product, m.p. 178-182 6 C. 
Anal. Calc'd. for C^HarNaOaS-O.IO (C 2 H 5 ) 2 O.0.50 H z O : 
C, 61.49 ; H, 6.99 ; N, 10.05. 
Found : C, 61.66 ; H, 6.90 ; N, 10.11. 

EXAMPLE 39 

J 1.3-D'hydro-6-methanesulfonamido .142-[4^methan e sulfonamido)phenvn-1^th vlV1^xo S nirnf9H-in. 
dene-2,4'-piperidine " — ' 

. §tepj Reaction of a mixture of 0.206 g (0.70 mmole) 1.3^lihydro-6-methanesulfonamido-lK>xospiror2H- 
«ndene-2 ; 4'-p.peridine] 0.071 g (0.85 mmole) sodium bicarbonate and 0.173 g (0.75 mmole) 4-nitrophenethyl 
brom.de m 1 .5 ml ethanol was carried out by the procedure of Example 33 to give 0.145 g (47%) 1 3-dihydro- 
6-me*anesulfonamido-H2-(4-ni^ as a sqM fogm 

m.p. 73*77 C 

Step2 Reduction of 0.142 g (0.32 mmole) of the above nitro-compound in 1.2 ml acetic acid with 1.29 ml 
(1.5 mmoies) of 15% titanium (III) chloride solution in 20-30% aqueous hydrochloric acid according to the pro- 
cedure of Example 37, Step A, followed by evaporation of the aqueous layer, and extraction of the solid residue 
with 2 : 98 methanol : chloroform gave 0.27 g crude H2-(4-aminophenyl)-1-ethylJ-1,3^ihydro-6-m e thanesul- 
fonamido-1-oxospiro[2H-indene-2,4'-piperidine]. 

_Step_3 Reaction of_0.27.g (approx. 0.32 mmoie)_of the above. crude amino compound with 0046(0 40 
mmole) methanesulfonyl chloride and 0.048 ml (0.047 g, 0.60 mmole) pyridine in 2 ml methylene chloride was 
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carried out by the procedure of Example 37, Step A step 2 to give 0.043 g (27%) product as a gum. To a solution 
0.043 g (0.087 mmole) product in 0.5 ml ethanol was added 0.015 ml (0.089 mmole) of 5.9N hydrogen chloride 
in ethanol. The mixture was stirred 30 minutes and the solvent was removed in vacuo . The residue was crys- 
tallized from 4 : 1 isopropanol : ether to give 0.027 g (59%) hydrochloride salt, m.p. 174-180°C. 

5 

bXAMpLE 40 

3,4-Dlhydro-lH3xo-142-(2-pyridyi)-1-ethyl]spiro[naphthalene-2(1H), 4'-piperidine] 

Step A : Preparation of Ethyl-3.4-dihydro-1-oxospiro[naphthalene-2(1H).4 , -piperidine}-1 , -carboxylate 

10 To a solution of 2.92 g (20.0 mmoles) 1-tetralone and 9.0 g (30.0 mmoles) ethyl bis(2-bromoethyl)carba- 
mate (S. Huybuchts and G.J. Hoomaert, Synth. Commum., 11, 17 (1981) in 20 ml dry dimethylformamide 
heated to 50°C under argon was added in portions 2.00 g (50.0 mmol) of 60% sodium hydride dispersion is 
mineral oil. The mixture was stirred 1 4 hours at 50°C and the solvent was removed in vacuo . The residue was 
taken up in 50 ml ether, quenched with 5 ml saturated ammonium chloride solution, diluted with 10 ml water, 

15 and the layers were separated. The aqueous layer was extracted with 2 x 50 ml ether. The combined extracts 
were washed with 2 x 15 ml water and brine, dried, and the solvent was removed in vacuo to give 7.77 g crude 
product as an oil. This was purified by flash chromatography on silica gel eluting with ethyl acetate : hexane 
(30 : 70) to give 1.47 g (26%) product as an oil ; 'H NMR (deuteriochloroform) : 8 1.26 (t, 3H), 1.52 (m, 2H), 
1 .97 (m, 2H), 2.06 (t, 2H), 3.01 (t, 3H), 3.59 (m, 4H), 4.14 (q, 2H), 7.24 (t, 1 H), 7.31 (t, 1 H), 7.97 (m, 1 H), 8.01 

20 (d, 1H). 

Step B : Preparation of S.^Dihydro-l-oxospiroInaphthalen^tlHj^'-piperidine] 
A solution of 1.84 g (6.4 mmoles) ethyl 3,4-dihydro-1-oxospiro[naphthalene-2(1H),4'piperidine] in 32 ml 
ethanol and 16 ml of 50% potassium hydroxide solution was heated at reflux for 18 hours. The solution was 
concentrated in vacuo to remove ethanol and the aqueous residue was extracted with 3 x 40 ml ether. The 

25 combined organic extracts were extracted with 2 x 40 ml 3N hydrochloric acid. The combined aqueous extracts 
were made basic with 1 0N sodium hydroxide and extracted with 3 x 75 ml ether. The combined organic extracts 
were washed with 20 ml water and brine, dried, and the solvent was removed in vacuo to give 1.07 g (787) 
product as an oil ; 'H NMR (deuteriochloroform) : 8 1.52 (m, 2H). 1.81 (broad s, 1H). 1.96 (m,2H), 2.10 (t, 2H), 
2.90 (m, 2H), 3.00 (m. 4H), 7.22 (d, 1H), 7.30 (t, 1H), 7.46 m 1H), 8.01 (d, 1H). 

30 Step C : Preparation of SADihydro-l^xo-l^^-pyridylH^myllspiroInaphthalen^l^^'-piperidine] 
A solution of 0.32 g (1.5 mmoles) 3,4-dihydro-1-oxospiro[naphthaIene-2(1H),4'-piperdine] 0.47 g (4.5 
mmoles) 2-vinyipyridine, and 0.086 ml (0.090 g, 1.5 mmoles) acetic acid in 3 ml methanol was heated at reflux 
for 18 hours. The solvent was removed in vacuo and the residue was purified by flash chromatography. The 
material obtained was dissolved in 40 ml ethyl acetate. The solution was washed with 5 mi saturated sodium 

35 bicarbonate solution, water, and brine, dried, and the solvent was removed in vacuo to give 0.35 g (73%) product 
as an oil. 

To a solution of 0.35 g (1 .1 mmoles) product in 2 ml ethanol was added 0.37 ml (2.2 mmoles) of 6N hydogen 
chloride in ethanol. The solution was diluted with 1 ml ether to give a precipitate which was filtered off to give 
0.34 g (79%) dihydrochloride salt, m.p. 182-184°C. 
40 Anal. Calc'd. for Cj, H 24 N 2 O-2HCI0.35 H 2 0 : 
C, 63.11 ;H, 6.73 ; N, 7.01. 
Found : C, 63.13 ; H, 6.66 ; N, 7.05. 

EXAMPLE 41 

45 

3.4-Dihydro-1-hydroxy-1'-[2-(2-pyridyl)-1-ethyl]spiro]naphthalene-2(1H),4 , -piperidine] 

To a solution of 0.098 (0.25 mmole) 3,4-dihydro-1-oxo-1'-[2-(2-pyridyl)-1-ethyl]spiro[naphthalene.2- 

(1H),4'-piperidine] dihydrochloride salt in 1 ml ethanol was added 0.026 g (0.75 mmole) sodium borohydride. 

Added at 30 minutes intervals were 0.009 g (0.25 mmole) and 0.009 g (0.25 mmole) portions of sodium borohyd- 
50 ride. The reaction mixture was stirred 30 minutes, quenched with 3 ml saturated ammonium chloride solution, 

diluted with 1 ml water, and extracted with 3 x 10 ml methylene chloride. The combined extracts were washed 

with 3 ml water and brine, dried, and the solvent was removed In vacuo to give 0.075 g (93%) crude product 

as an oil. This was purified by flash chromatography on silica gel eluting with 10 : 90 methanol : chloroform to 

give 0.055 g (68%.) product as an oil. 
55 To a solution of 0.051 g (0.1 6 mmole) product in 0.5 ml ethanol was added 0.054 ml (0.32 mmole) of 5.9N 

hydrogen chloride in ethanol. The solution was diluted with 1 ml ether to give a precipitate which was filtered 

off to give 0.056 g (89%.) dihydrochloride salt, m.p. 198-199°C. 

Anal. Calcd for C^HmNj^HCI-O.SSHjO : 
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C, 62.79 ; H, 7.20 ; N, 6.97. 
Found : C, 62,85 ; H, 7.16 ; N, 6.94. 



EXAMPLE 42 



i -t*.-v*.-yyTiuyi- i-eu iyijspiroLnapntnaiene-2('i H),4'-pipeririine] 



Step A : Preparation of 1 , -acelyl-3,4-dihydro-7-nitro-1-oxospiro[napthalene-2(1H),4 , -piperidine1 
The title compound was prepared by the procedure of Example 36, Step A from 0.82 g (3.8 mmoles) 3,4- 
dihydro-lK>xospiro[naphthaJene-2(1H),4'-piperidine]and 0.76 ml (0.82 g. 8.0 mmoles) acetic anhydride in 10 
ml methylene chloride to give crude 1'-acetyl-3,4-dihydro-1-oxospiro[naphthalene-2-(1H), 4'-piperidine]. This 
was nitrated with 0.35 g (4.1 mmoles) 90% nitric acid in 11.5 ml sulfuric acid to give 0.54 g (47%) product after 
ethyl acetate crystallization, mp 162-166°C ; 'H NMR(deuteriochloroform) : S 1.55 (m, 2H), 1.95 (m 1H) 2 12 
(s, 3H), 2.13 (m, 1H), 3.13 (tn, 2H), 3.45 (m, 2H), 3.60 (m, 1H), 3.71 (m, 2H), 3.92 (m, 1H), 7.44 (d, 1H), 8 31 
(dofd. 1H),8.85(d.1H). 

Step_B : Preparation of 1 '-Acetyl-3,4-Dihydro-7Hmethanesulfonamido-1 -oxospiro[naphthalene-2(1 H),4'~ 

Employing the procedure of Example 37, Step A part 1, 0.57 g (1.9 mmoles) 1'-acetyl-3.4-dihydro-7-nitro- 
1-oxospiro[naphthelene-2(1H),4'-piperidine] in 8 ml acetic acid was treated portionwise with 8.3 ml (9.6 
mmoles) of 1 5% titanium (III) chloride solution in 20-30% aqueous hydrochloric acid to give 0.48 g (92%) crude 
1'-acetyl-7-amino-3,4-dihydro-1-oxospiro[naphthalene-2(1H),4'.piperidineJ. In part2, 0.48 g (1.8 mmole) of the 
crude amino compound, 0.28 ml (0.28 g, 3.5 mmoles) pyridine, and 0.25 g (2.2 mmoles) methanesulfonyl 
chloride in 7 ml methylene chloride gave 0.55 g (90%) product as a gum ; 'H NMR (dewteriochloroform) : 5 1 .52 
(m, 2H), 1.95 (m, 1H), 2.06 (m, 4H), 2.12 (s, 3H), 3.01 (m, 2H), 3.03 (S, 3H), 3.50 (m, 2H), 3.68 (m, 1H), 3.83 
(m, 1H), 7.25 (d. 1H), 7.35 (broad S, 1H, — NH), 7.53 (d of d, 1H), 7.78 (d, 1H). 

Step_C: Preparation of 3,4-Dihydro-7-methanesulfonamido-1-oxospiro[napthalen e-2(1H).4'piDeri- 
dinelhydrochloride — " 

A solution of 0.53 g (1.5 mmoles) I'-acetyl-S^ihyd^-methanesulfonamido-l-oxospiroInaphthalene- 
2(1H),4'-piperidine] in 15 ml ethanol and 5 ml 3N hydrochloric acid was heated at reflux for 18 hours. An 
additional 1 0 ml 3N hydrochloric acid was added and the solution was heated at reflux for 5 hours, then cooled 
to room temperature. The solvents were removed in vacuo and the residue was stirred with 3 ml ethanol to 
give a solid which was filtered off and dried to give 0.35 g (67%) product, m.p 277-279 6 C ; 'H NMR (DMSO-d 6 )- 
8 1.70 (m, 2H), 2.00 (m. 2H). 2.06 (t. 2H), 2.94 (t. 2H), 2.98 (s, 3H), 3.13 (m, 4H), 7.37 (d, 1H)„ 7.41 (d of d,' 
1H), 7.73 (d, 1H), 8.75-8.95 (m, 2H), 9.91 (s, 1H, CH 3 S0 2 Nr+-). 

Step D : Preparation of 3.4-Dihydro-7-methanesulfonamido-1.oxo-r-[2.( 2-pyridvl-1-ethvllsDiromaDhtha- 
lene-2(1H),4'-piperidine] " J ~ " 

The tiUe compound was prepared by the procedure of Example 36 Step C from 0.207 g (0.60 mmole) 3,4- 
dihydro-7-methanesulfonamido-1-oxospiro[naphthalene-2(1H),4'-piperidine], hydrochloride salt, 0.126 g (1.2 
mmoles) 2-vinylpyridine, and 0.098 g (1 .2 mmoles) sodium acetate in 2 ml of 1 : 1 methanol : water to give 0.253 
g crude product This was purified byflash chromatography on silica gel elutingwith5 : 95 methanol :chloroform 
(activated with ammonia) to give 0.206 g (83%) product as an oil. 

To a solution of 0.206 g (0.50 mmole) product in 0.5 ml ethanol was added 0.180 ml (1.05 mmoles) 5.9N 
hydrogen chloride in ethanol to give a precipitate. The mixture was diluted with 2 ml ether, the precipitate was 
filtered off and dried to give 0.169 (70%) hydrochloride salt, m.p. 1 96-1 97°C. 
Anal. Calcd for C22H 27 N 3 0 3 S.2HCI. H 2 0 : 
C. 52.37 ;H, 6.19 ;N, 8.33. 
Found : C, 52.35 ; H, 6.11 ; N, 8.36. 



EXAMPLE 43 



3,4-Dihydro-7-meth anesulfonamido-1 '-{2-r4-(methanesulfonamido)phenyll-1 -ethylH -o xospiromaphtha- 
lene-2(1 H),4'-piperidine] _— ~ ~ 

A mixture of 0.138 g (0.40 mmol) 3.4-dihydro-7-methanesulfonamido-1-oxospiro[naphthalene-2(1H),4'- 
piperidine], hydrochloride salt, 0.168 g (2.00 mmol) sodium bicarbonate, 0.027 g (0.20 mmol) lithium iodide, 
and 0.129 g (0.44 mmole) 2-[4'-(methanesulfonamido)phenyl]ethyl methanesulfonate in 10 ml acetonitrile was 
heated at reflux for 6 hours. The mixture was cooled and the solvent was removed in vacuo . The residue was 
partitioned between 3 ml dilute sodium bicarbonate solution and 10 ml methylene chloride. The layers were 
separated and the aqueous layer was extracted with 10 ml methylene chloride. The combined extracts were 
washed with 1 ml water and brine, dried, and the solvent was removed in vacuo to give 0.24 g crude product. 
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This was purified by flash chromatography on silica gel eluting with methanol : chloroform (5 : 95) (saturated 
with ammonia) to give 0.175 g (87%) product as a foam. 

To a solution of 0.175 g (0.346 mmole) product in 1 ml ethanol was added 0.064 ml (0.38 mmol) 5.9N hyd- 
rogen chloride in ethanol. The resulting precipitate was filtered off to give 0.129 g (69%) hydrochloride salt, 
5 mp. 25B-260°C. 

Anal, caicd. for c^M 3 iN 3 Os5rriu-u.iC5M 2 o : u. 5Z.74 ; M, 5.3» ; n. 7.eg. 
Found : C, 52.69 ; H, 5.70 ; N, 7.65. 

EXAMPLE 44 

10 

142-(2-Pyridyl)ethyl)-2,3-Dihydrospiro(benzofuran-2,4'-piperidine) 

A solution of 0.5 g (2.2 mmol) of 2,3-Dihydrospiro(benzofuran-2,4'-piperidine) and 465 mg (4.4 mmol) of 
2-vinylpyridine in 20 mL of 1 : 1 methanol/Water was treated with 598 mg (4.4 mmole) of sodium acetate and 
heated to reflux for 1 1 hours. The reaction was then cooled to room temperature and poured into a saturated 

15 solution of sodium bicarbonate and extracted with ethyl acetate. The ethyl acetate solution was dried over 
anhydrous magnesium sulfate, filtered and concentrated in vacuo . The hydrochloride salt was prepared in 
ethanol and recrystallized from ethanol/ether to give 460 mg.. 200-202°C. 
Elemental analysis for C 14 H 23 N 2 0.2HCM/3H 2 0 
Calcd : N. 7.50 ; C, 61.12 ; H, 6.66. 

20 Found : N, 7.42 ; C, 61 .04 ; H, 6.54. 

EXAMPLE 45 

1'-(2-(4-Methanesulfonamidophenyl)ethyl)-2,3-dihydrospiro(benzofuran-2,4'-piperidine 
25 A solution of 500 mg (2.21 mmoles) of 2,3-dihydro-spiro(benzofuran-2,4'-piperidine) in 10 mL ethanol was 
treated with 185 mg sodium bicarbonate and 650 mg (2.21 mmoles) of 4-methanesuIfonamidophenethyl mesy- 
late and heated to reflux for 2 hours. The reaction was cooled to room temperature and stored overnight. The 
reaction mixture was then poured into saturated sodium bicarbonate solution and extracted with ethyl acetate. 
The ethyl acetate solution was dried over magnesium sulfate, filtered and concentrated in vacuo. The hyd- 
30 rochloride salt was generated in ethanol with excess ethanolic HCl. The solid was collected and recrystallized 
from ethanol to give 420 mg, mp ■ 269-271 °C. 
Elemental analysis for C^HjsNzOaS-HCMMr^O 
Calcd : N, 6.49 ; C, 58.99 ; H, 6.36 
Found : N, 6.55 ; C, 59.00 ; H, 6.48. 

35 

EXAMPLE 46 

1 , -(2-(2-Pyridyl)ethyl-2,3-dihydro-5-methanesulfonamidospiro(benzofuran-2.4'-piperidine) 
Step A : 1'-Acetyl-2,3-dihydro-5Hrnethanesulfonamidospirolbenzofuran-2,4'-piperidine] 

40 A solution of 2.3 g (8.3 mmoles) of 1 -Acetyl-2,3-dihydro-5-nitnMpiro(benzofuran-2,4'-piperidine) in 20 mL 
acetic acid and 20 mL water was treated with 35 mL of 15% TiCl 3 in 20-30% HCl at room temperature. The 
reaction was stirred at ambient temperature for 1.5 hours. The reaction mixture was poured into 500 mL water 
and the pH was adjusted to about 9 with 2N NaOH and saturated NaHC0 3 and the mixture extracted with ethyl 
acetate. The combined organics were dried over magnesium sulfate, filtered and concentrated to give 1.52 g 

45 residue. This material was dissolved in 15 mL methylene chloride and treated with 1 mL pyridine and 0.570 
mL (7.4 mmole) methanesulfonyl chloride. After 10 minutes the reaction was poured into 150 mL saturated 
sodium bicarbonate solution and extracted with ethyl acetate. The organics were dried over magnesium sulfate, 
filtered and concentrated. The residue was chromatographed on silica gel eluting with 2.5% 
methanol/chloroforrn to give 1.2 g of product 

so 'H NMR (CDCI 3 ) S 7.14 (brs, 1H). 7.00 (dd, J = 2, 8Hz, 1H) 6.84 (brs, 1H). 6.72 (d, J = 8Hz, 1H) 4.2 (m, 1H), 
3.6 (m. 2H), 3.3 (m, 1H), 3.0 (s. 2H), 2.94 (s, 3H), 2.13 (s, 3H), 2.05-1.9 (m, 2H), 1.8-1.6 (m, 2H). 
Step B : Preparation of 2,3-Pihydro-5-(methanesulfonamido)spiro(benzofuran-2.4'-piperidine) 
A solution of 1.2 g (3.6 mmole) of 1'-ac»tyl-2,3'-dihydro-5-methanesuIfonamidospiro(benzofuran- 
2,4'piperidine) in 1 5 mL ethanol was treated with 1 5 mL of 6N HCl and heated to reflux per 6 hours. The reaction 

55 was poured into water (50 mL) and neutralized with 1 N NaOH and saturated sodium bicarbonate. The aqueous 
mixture was extracted with ethyl acetate, dried over magnesium sulfate, filtered and concentrated in vacuo to 
give 598 mg of the intermediate 2,3-dihydro-5-(methanesulfonamido)spiro(benzofuran-2,4'-piperidine), 295 mg 
of which (1 .04 mmole) was dissolved in 20 mL of 1 : 1 methanol/water and treated with 0.5 mL of 2-vinylpyridine. 
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The reaction was heated to reflux for 6 hours, poured into 100 mL saturated sodium bicarbonate solution, and 
extracted with ethyl acetate. The ethyl acetate solution was dried over magnesium sulfate, filtered and con- 
centrated in vacuo. The crude material was crystallized from ethyl acetate to give 122 mg, mp = 171-174°C. 
Elemental analysis for Czo^^sO^S-iKC^^ 
s Calr-ri : NL 1 0.26 : C ; 61 .58 : H. 6.64. 
Fuunu . N, lu.27 , C, 61.23 ; H, 5.71. 

EXAMPLE 47 

10 1'-(2-(2-Pyridyl)ethyl)-2,3-dihydrospiro(benzoftjran-2,3'-piperidine) 

Step A : Preparation of 1'-Benzyl-2,3-dihydrospiro(benzofuran-2,3'-ptperidine) 

The Grignard reagent derived from 19.17 g (132 mmoles) ofluorobenzylchloride and 3.32 g (13 mmole) 
Mg turnings in 200 mL ether was treated with 25 g (132 mmoles) of N-benzyl-3-piperidone in 200 mL THF at 
room temperature. The reaction was stirred at room temperature for 1 hour, poured into 1 L H 2 0, and extracted 

15 with ether and ethyl acetate. The combined organics were dried over mag nesium sulfate, filtered and concen- 
trated in vacuo. The crude material was dissolved in 200 mLdimethylformamide and treated with 10 g of 60% 
sodium hydride and heated to 110°C for 1 hour. The reaction was cooled to room temperature poured into 1L 
water and extracted with ethyl acetate. The combined organics were then washed with several portions of 1N 
HCI which was then basified to pH 9 and extracted with ethyl acetate. The ethyl acetate solution was dried over 

20 magnesium sulfate, filtered and concentrated at reduced pressure to give 13.5 g product. The hydrochloride 
of a small sample was generated in ethanol and recrystallized from ethyl acetate/methylene chloride to give 
product with mp = 207-209°C. 

Elemental analysis for C 19 H 21 NO HCI Calcd : N, 4.44 ; C, 72.25 ; H, 6.97. 

Found : N, 4.38 ; C, 72.07 ; H, 7.04. 
25 Step B : Preparation of 2,3-Dihydrospiro(benzofuran-2,3 > -piperidine) 

A solution of 13 g (46 mmole) of 1'-benzyl-2,3-dihydrospiro(benzofuran-2,3'-piperidine) in 100 mL 

dichloroethane was treated with 7.31 g (5.2 mL, 51 mmoles) of 1 -chloroethylchloroformate at room temperature 

for 1/2 hour. The reaction mixture was concentrated and the residue dissolved in CH 3 OH and heated to reflux 

for 1/2 hour. The methanol was evaporated at reduced pressure, and the residue partitioned between ethyl ace- 
30 tate and 1 N HCI. The ethyl acetate layer was discarded and the aqueous phase was basified to pH 9 and reext- 

racted with ethyl acetate. The ethyl acetate solution was dried over magnesium sulfate, filtered and 

concentrated in vacuo to give 8.2 g product 

'H NMR (CDCI 3 ) 8 : 7.2-7.05 (m, 2H) 6.8 (t, J = 6Hz, 1H), 6.78 (d. J = 8Hz, 1H), 305-295 (m. 4H), 2.82-2.7 (m, 
2H). 2.08-1.5 (m, 4H). 

35 Step C : 1'-(2-(2-Pyridyl)ethyl)-2,3-dihydrospiro(benzofuran-2,3'-piperidine)dihydrochloride 

A solution of 500 mg (2.64 mmoles) of 2,3-dihydrospiro(benzofuran-2,3'-piperidine) and 2-vinylpyridine (1 

g) in 20 mL methanol was treated with 3 drops of acetic acid and heated to reflux for 16 hours. The reaction 

was then cooled, poured into 50 mL saturated sodium bicarbonate and extracted with ethyl acetate. The 

organics were dried over magnesium sulfate, filtered and concentrated in vacuo . Chromatography on silica gel 
40 eluting with 3% methanol/chloroform gave 420 mg. The hydrochloride salt was prepared with excess ethanolic 

HCI in ethanol and crystallized from isopropanol to give 200 mg of product with m.p.=187-189°C. 

Elemental analysis for C^H^NaO^HCI-IMHaO 

Calcd : N, 7.53 ; C, 61 .37 ; H, 6.69. 

Found : N, 7.49 ; C, 61.26 ; H, 6.73. 

45 

EXAMPLE 48 

r-(2-(2-Pyridyl)ethyl)-2,3-dihydro-5-(memanesulfbnamido)spiro(benzofuran-2,3 , -piperidine)dihyd- 
rochloride 

so Step A : Preparation of 1'-acetyl-2,3-dihydro-5-nitrospiro(benzofuran-2,3'-piperidine) 

A solution of 12. g (38 mmoles) of 2,3-dihydrospiro(benzofuran-2,3 -piperidine) in 100 mL methylene 
chloride at room temperature was treated with 4.27 g (3.95 mL, 41.8 mmoles) of acetic anhydride and 3.84 g 
(5.29 mL, 38 mmoles) of triethylamine. The reaction was stiffed at room temperature for 1 hour, poured into 
400 mL saturated sodium bicarbonate, and extracted with ethyl acetate. The ethyl acetate solution was dried 

55 over magnesium sulfate, filtered and concentrated in vacuo to give 8.3 g crude acetamide. This material was 
dissolved in 100 mL acetic acid and treated with 5 mL (d = 1.49) nitric acid. The reaction was heated gently to 
50°C over 1/2 hour and then 80"C for 5 minutes. The reaction was cooled to room temperature and poured 
into 1 L of water and the pH adjusted to 9 with 1 N NaOH and saturated sodium bicarbonate. The aqueous mixture 
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was extracted several times with ethyl acetate. The ethyl acetate layers were combined, dried over magnesium 
sulfate, filtered and concentrated in vacuo. The residue was chromatographed on silica gel using 20% 
hexane/ethyl acetate as eluant to give S.7 g of product, mp = 165-167°C. 

Step B : Preparation of r-acetyl-2,3-dihydro-5-methanesulfonamidospiro(benzofuran-2,3'-piperidine) 
Prepared in an analogous manner to that described in Example 46, Step A to give product with mp = 201- 

Step C : Preparation of 2,3-dihydro-5-(methanesulfonamido)spiro(benzofuran-2,3 , -piperidine)hyd- 
rochloride 

A solution of 3.6 g (11.09 mmole) of 1'-Acetyl-2,3-dihydro-5-methanesulfonamidospiro(benzofuran-2,3'- 
piperidine) in 100 mL ethanol was treated with 50 mL 6N hydrochloric acid and heated to reflux for 18 hours. 
The reaction was concentrated to dryness and the residue crystallized from ethanol to give 2.77 g of products 
mp = 243-244°C. 'H NMR (DMSO) 8 9.6 (brs, 1H), 9.4 (s, 1H), 7.11 (d, J = 1.6 Hz. 1H), 7.0 (dd, J = 1.6, 8.5 
Hz), 6.70 (d. J = 8.5Hz, 1H), 3.5-2.8 (m, 6H), 2.88 (s. 3H). 2.0-1.30 (m, 4H). 

Step D : Preparation of 1M2-(pyridyl)ethyl)-2,3-dihydro-5-(memanesulfonamido)spiro(benzofuran-2,3'- 
piperidine) dihydrochloride 

A solution of 400 mg (1.25 mmoles) of 2,3-dihydro-5-methanesulfonamidospiro(benzofuran-2,3'-piperi- 
dine)hydrochloride in 20 mL ethanol was treated with about 1 g of 2-vinyi pyridine and heated to reflux for 2 
hours. The reaction was cooled to room temperature, poured into 100 mL saturated sodium bicarbonate solu- 
tion, and extracted with ethyl acetate. The ethyl acetate extracts were combined, dried over magnesium sulfate, 
filtered and concentrated in vacuo. Chromatography on silica gel eluting with 3% CH 3 OH/Chloroform gave 410 
mg product as a free base. The material was dissolved in ethanol and treated with excess ethanolic HCI to 
generate the hydrochloride salt, which was crystallized from ethanol to give 360 mg of product ; 230-234°C. 
Elemental analysis for C20H25N3O3S 2HCI 
Cacld : N, 9.12 ; C. 52.17 ; H, 5.91. 
Found : N, 9.05 ; C, 52.51 ; H, 6.10. 

EXAMPLE 49 

1^2-(4-Nitrophenyl)ethyl)-2,3-dihydro-5-(methanesulfonamido)spiro(b&nzofuran-2,3'-piperidine) oxalate 
A solution of 1 g(3.1 mmole) of 2,3-dihydro-5Hrnethanesulfonamido-spiro(benzofuran-2,3 -piperidine), 790 
mg (3.45 mmole) of p-nitrophenethylbromide, and 588 mg (7 mmole) sodium bicarbonate was heated to reflux 
overnight The reaction was cooled to ambient temperature, poured into 100 mL saturated sodium bicarbonate 
and extracted with ethyl acetate. The extracts were dried over magnesium sulfate, filtered and concentrated 
in vacuo to give 440 mg product as a free base. A small sample was treated with oxalic acid and crystallized 
from ethanol to give 89 mg of product mp = 147-1 51 "C. Elemental analysis for 
C2iH 2 4N 3 0 6 SC 2 H 2 0 4 -3/4H 2 0-1/4(C 2 H 6 0) 
Calcd : N, 7.68 ; C, 51.63 ; H, 5.34. 
Found : N, 7.75 ; C, 51.51 ; H, 5.13. 

EXAMPLE 50 

1 , -(2-(4-Methanesulfonamidophenyl)ethyl)-2,3-dihydro-5-(methanesulfonamido)spiro(benzofuran-2,3'- 
piperidine)oxalate 

A solution of 0.92 g of 1^2-(4-nitrophenyl)-etryl)-2,3-dihydro-5-memanesulfonamidospiro(benzofuran- 
2,3'-piperidine in 10 mL acetic acid was converted into the product by a procedure analogous to that described 
in Example 48, step B.The productwas isolated as the oxalate salt to give 198mg of product ;mp = 141-150°C. 
Elemental analysis for CbHbNsOsS^CzHsC^ 
Calcd : N, 7.37 ; C, 50.60 ; H, 5.48. 
Found : N, 7.34 ; C, 50.48 ; H, 5.29. 

EXAMPLE 51 

1'-(2-(4-Nitrophenoxy)ethyl)-2,3-Dihydro-5-(memanesulfonamido)spiro(benzofuran-2,3'-piperidine)oxal- 

This product was prepared in a manner analogous to that described for Example 49 except that p- 
Nitrophenoxyethylbromide is used instead of p-Nitrophenethylbromide to give product with mp = 129-135°C. 
Elemental analysis for 
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CaHasNaOeS-CzHsCVI/SCaHsO 
Calcd : N, 7.54 ; C, 51.75 ; H, 5.15. 
Found : N, 7.39 ; C, 51.48 ; H, 5.31. 

5 EXAMPLE 52 

1 '-(2-(2-Pyridyl)ethyl)-3,4-dihydros piro-[(2H)-1 -benzopyran-2,3 , -piperidine]-4-one hydrochloride 
Step A : Preparation of 3,4-Dihydrospiro-1'-benzyl-2H-1-benzopyran-2,3 > -piperidine-4-one 
A solution of 5 g (36 mmole) of ortho hydroxyacetophenone and 8.2 g (36 mmole) of N-benzyl-3-piperidone 
10 in 200 mL methanol was treated with 5.24 g (72 mmole) of pyrrolidine and heated to reflux for 4 hours. The 
reaction was cooled to room temperature concentrated in vacuo and partitioned between ethyl acetate and satu- 
rated sodium bicarbonate. The ethyl acetate solution was washed with 1N HQ which was then basified to pH 
9 and reextracted with ethyl acetate. The ethyl acetate layer was dried over magnesium sulfate, filtered and 
concentrated in vacuo. The residue was chromatographed on silca gel eluting with 20% ethyl acetate/hexanes 
15 to give 8.1 g product A small portion was treated with excess ethanolic HCI and crystallized from 
CHaOH/CzHgOH to give product with mp = 255-258°C. Elemental analysis for 
C2oH 21 N0 2 -HCI 

Calcd : N, 4.07 ; C, 69.85 ; H, 6.45. 

Found : N, 4.05 ; C, 69.73 ; H, 6.54. 
20 In a manner analogous to the above Step A except substituting 5-Acetamido-2-hydroxyac3tophenone for 

ortho hydroxyacetophenone there was produced 6-Acetamido-3,4-dihydrospiro-1'-benzyl-2H-1benzopyran- 

2,3'-piperidine-4-one, mp = 262-265°C. 

Step B : Preparation of 3,4-Dihydrospiro-[(2H)-1-benzopyran-2,3'-piperidine]-4-one 
A solution of 20.3 g (66 mmole) of 3,4-Dihydrospiro-1'-benzyl-2H-1-benzopyran-2,3'-piperidine in 200 mL 
25 dichloroethane at room temperature and was treated with 7.4 mL (1 0.38 g, 72 mmole) of a-chloroethyl chlorofor- 

mate. The reaction was heated to reflux for 1/2 hour, cooled to room temperature concentrated in vacuo . The 

residue was dissolved in 200 mL of methanol and heated to reflux for 1/2 hour. The reaction was then cooled 

to room temperature and concentrated to 1/4 volume. The solid was collected to give 14.1 g of product, mp = 

273-274°C. 

30 Step C : Preparation of 1'-(2-(2-pyridyl)emylV3,4-dihydr()spir(K(2H)-1-benzopyran-2,3 , -piperidine] 4-one 
hydrochloride 

A solution of 520 mg (2.05 mmole) of 3,4-Dihydro-2H-1-benzopyran-2,3'-piperidin&4-one hydrochloride 

in 15 mL methanol was treated with 237 mg (2.25 mmole) of 2-vinylpyridine and heated to reflux for 48 hours. 

The reaction was cooled to room temperature, poured into 50 mLof saturated sodium bicarbonate and extracted 
35 with ethyl acetate. The ethyl acetate solution was dried over magnesium sulfate, filtered and concentrated in 

vacuo. The hydrochloride salt was prepared in ethanol with excess ethanolic HCL The solid was collected to 

give 188 mg of product ; mp 195-198°C. 

Elemental analysis for C^HahfeOa-HCL-I^HzO 

Calcd : N, 6.93 ; C, 59.40 ; H, 6.23. 
40 Found : N, 6.40 ; C, 59.53 ; H, 6.20. 

EXAMPLE 53 

1H2-(4-Methanesulfonamidophenyl)emyl)-3,4Hjihydrospiro-[(2H)-1-benzopyran-2,3'-piperidine]^ne 
45 oxalate " ~ " " ~ 

A solution of 560 mg (258 mmole) of 3,4-dihydrospiro-[(2H)-1-benzopyran-2,3'-piperidine]4-one in 20 mL 

ethanol was treated with 880 mg (3 mmoles) of 2-(4-methanesulfonamidophenyl)ethyl mesylate and 0.5 g 

sodium bicarbonate and heated to reflux for 48 hours. The reaction was cooled to room temperature, poured 

into saturated sodium bicarbonate and extracted with ethyl acetate. The ethyl acetate solution was dried over 
so magnesium sulfate, filtered and concentrated in vacuo. The crude material was treated with 1 eq. oxalic acid 

and the salt was recrystallized from acetone to give product with mp = 204-2 10°C. Elemental analysis for 

CzzH^N^S-CaHaCylCHzO 

Calcd : N, 5.45 ; C, 56.12 ; H, 5.69. 

Found : N, 5.52 ; C, 56.35 ; H, 5.54. 

55 

EXAMPLE 54 

1'~(2-(4-Methanesulfonamidophenoxy)ethyl)-3,4-dihydrospiro-[(2IH)-1-benzopyran-2,3 , -piperidine]-4-one 



34 



EP 0431 943 A2 



oxalate hemihydrate 

Prepared in a manner analogous to the previous Example 53 except that 2-{4-Methanesulfonarnh 
dophenoxy)ethyi bromide was used instead of 2-(4-methanesuifonamidophenyI)ethyl mesylate. The product 
had mp = 175°C. Elemental analysis for (^HzoNiOsSC^CvlteHaO 
5 Calcd : N, 5.32 ; C, 54.43 ; H, 5.51 . 



EXAMPLE 55 

10 6-Methanesulfonamido-1'-(2-(2-pyridinyl)efoyl^ 
one hydrochloride 

Step A : Preparation of 6-MethanesulfonamidcHl^benzyl-3,4^ihydrospiro-[(2H)-1-hen20pyran-2.3 , -piperi- 
dineI-4-one 

A solution of 12.2 g (33.47 mmole) of 6-acetamido-3,4<iihydrospiro-1'-benzyl-2-H-1-berzopyran-2,3'- 
15 ptperidine-4-one in 200 mL ethanol was treated with 80 mL of 6N HCI and heated to reflux for 5 hours and then 
stirred at room temperature overnight The reaction was concentrated to 1/4 volume and then poured into 300 
mL water. The pH was adjusted to 9 with 2N NaOH and saturated sodium bicarbonate, and extracted with ethyl 
acetate. The ethyl acetate solution was dried over magnesium sulfate filtered and concentrated in vacuo . The 
10.2 g of crude material was dissolved in 100 mL pyridine and treated with 2.7 mL (3.99 g, 34 mmole) 
20 rnethanesuffonyl chloride. The reaction was stirred at room temperature for 3 hours, evaporated to —1/4 volume 
and poured into a mixture of ethyl acetate and saturated sodium bicarbonate. The layers were separated and 
the aqueous phase extracted several times with ethyl acetate. 

The combined organics were dried over magnesium sulfate, filtered and concentrated in vacuo . The resi- 
due was chromatographed on silica gel eluting with 3% methanol/chloroform, to give 12.2 g product which was 
25 crystallized from ethyl acetate to yield 9.2 g, mp = 150°C. Elemental analysis for C 21 H 2 4N20 4 S-1/4C4Ha0 2 
Calcd : N, 6.63 ; C, 62.53 ; H, 6.15. 
Found : N, 6.64 ; C, 62.52 ; H. 6.17. 

Step B : Preparation of e-Meftanesulfonamido-S^ihydrospiro^H^I-benzopyran^^'-piperidine]^ 
one hydrochloride 

30 A solution of 7 g (17.47 mmols) of 6-methanesulfonamido-1'-benzyl-3,4-dihydrospiro-[(2H)-1-benzopyran- 
2,3'-piperidine]-4-one in 250 mL dichloroethane was treated with 5.6 g (43.7 mmole) of diisopropylethylamine, 
and 6.24 g (43.7 mmoles) of 1-chloroethyl chloroformate. The reaction was stirred at room temperature for 24 
hours and then poured into 500 mL saturated sodium bicarbonate, and extracted with ethyl acetate. The ethyl 
acetate layers were washed with dilute acid to remove excess diisopropylethylamine. The ethyl acetate solution 

35 was then dried over MgS0 4 , filtered and concentrated in vacuo. The crude material was dissolved in 250 mL 
CH 3 OH and heated to reflux for 24 hours. The reaction mixture was cooled to room temperature and the solid 
collected by filtration to give 4.1 g of product, mp = 290°C. 

Step C : Preparation of 6-Methanesulfonamido-1 '-(2-(2-pyridyl)ethyl)-3,4-dihydrospiro-[(2H)-1 -ben- 
zopyran-2,3'-piperidine]-4-one hydrochloride hydrate 

40 Prepared according to the procedure as described previously in Example 52 Step C starting with 6- 

methanesurfonamido-3,4-dihydrospiro-2H-1benzopyran-2,3'-piperidine-4-one. mp = 205-210°C. 
Elemental analysis for C^HzsNaQiS^HCIHjO 
Calcd : N, 8.29 ; C, 49.80 ; H, 5.77. 
Found : N, 8.28 ; C, 49.95 ; H, 5.62. 

45 

EXAMPLE 56 

6-Acetamido-3,4-dihydrospiro-1^2-(6-memyl)pyridy^ 
dihydrochloride 

50 A solution of 1.3 g (4.7 mmoles) of 6-acetamido-3,4-dihydrosprro(2H-1-benzopyran-2,4'-piperidine)-4-one 

in 20 mL CH 3 OH was treated with 560 mg (4.7 mmole) of 2-vinyl-6-methylpyridine and 5 drops of acetic acid 
and heated to reflux for 36 hours. The reaction was cooled to room temperature, poured into 100 mL safd 
NaHC0 3 , and extracted with ethyl acetate. The ethyl acetate solution was dried over magnesium sulfate, filtered 
and concentrated at reduced pressure. The free base was dissolved in ethanol and treated with ethanolic HO. 

55 The dihydrochloride separated and was collected by filtration to give 610 mg of product 
mp = 214-217°C. Elemental analysis for 
C23H27N303-2HCI-3/4H20 
Calcd : N, 8.75 ; C, 57.56 ; H, 6.40. 
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Found : N, 8.74 ; C, 57.76 ; H, 6.08. 



EXAMPLE 57 



1M2-(2-Bergofurazan-5-yl)emyl]spiro[1-memyl-^^ dihyd- 
rocnioriae(L-SMZ.i84) ~ ~ 

A mixture of 0.2 g (0.000716 mol) of spiro [1-methyl-5-methanesulfonamidoindoline-3,4'-piperidine], 0.325 
g (0.00143 mol) of 5-(2-bromoethyl) benzfurazan, 0.1 19 g (0.000716 mol) of potassium iodide, 0.241 g (0.00286 
mol) of sodium bicarbonate, and 15 ml of absolute ethanol was stirred and refluxed for 24 hours. The mixture 
was filtered and the filtrate was evaporated to dryness. The residue was purified by chromatography on silica 
gel using 5% methanol in chloroform as an eluant The purified product was converted to its hydrochloride salt. 
Recrystallization of this salt from methanol-tsopropyl alcohol gave the title compound, mp 241-250°C (dec) 
Anal. Calcd. for C^NsOaS^HCI : 
C, 51.36 ;H, 5.68; N, 13.61. 
Found : C, 51.01 ; H. 5.53 ; N, 13.42. 



EXAMPLE 58 



6-Mefranesulf onamido-3,4-dihydro-1H2-(2-(6-me^ 



A solution of 1.3 g of 6^cetamido-3,4^ihydro-1'-(2-(2^emyl)pyridyl)ethyl)(2H-1benzopvran-2.4'- 
pipend.ne)-4-one in 20 mL methanol was treated with 10 mL 6N HCI heated to reflux for 4 hours. The reaction 
was cooled to room temperature, concentrated to dryness, and partitioned between ethyl acetate and saturated 
sodium bicarbonate. The ethyl acetate layers were dried over magnesium sulfate, filtered and concentrated 
The crude material was dissolved in 10 mL pyridine and treated with 460 mg (4 mmoles) of methanesulfonyl 
chloride. The reaction was stirred at room temperature for 5 hours, concentrated to 1/2 volume and poured into 
saturated sodium bicarbonate solution. The mixture was extracted with several portions of ethyl acetate. The 
ethyl acetate layers were dried over magnesium sulfate, filtered and concentrated in vacuo . The free base crys- 
tallized from ethyl acetate to give 206 mg of product mp = 176-178«C. Elemental analysis for C^H»NA£ 
Calcd : N, 9.78 ; C. 61.51 ; H, 6.33. 4 
Found : N, 9.65 ; C, 61.32 ; H, 6.34. 



EXAMPLE 59 



6-Methanesulfonamido- 3,4-dihydro-1 , -(2-(4-methanesulfonamidophenvl) ethvhsDirorr2HWl-h e n?nnvr a n 
2,4'-piperidine]-4-one ' — — 

This compound was prepared in a manner analogous to that of Example 58 and isolated as the hyd- 
rochloride salt to give 240 mg of product mp = 285-288°C. Elemental analysis for C^H^OnS-HCI 
Calcd : N, 7.72 ; C, 50.77 ; H, 5.55. 
Found : N, 7.70 ; C, 50.84 ; H, 5.62. 



EXAMPLE 60 



1,4-Dihydro-1'-r2-(4-meth anesulfonam 

3',4'-piperidine]hydrochloride ~ " ~ — 

Step A : Preparation of 1.4-Dihydro-r-methyl-7-nitrospiro[(3H)-2-benzopyran-3,4'-piperidine-1-onel 
1,4-Dihydro-1'-(methyl)-spiro[2-benzopyran-3,4'-piperidine-1-one hydrochloride (4.05 g, 15.1 mm) was 
stirred while suspended in 30 mL of concentrated H 2 S0 4 cooled to 0°C. Nitric Acid (0.95 mL of d = 1.49) was 
added dropwise overs minutes and the mixture stirred at 0°C, for3 hours. The reaction mixture was then poured 
onto ice (200 grams) and the pH adjusted with 40% aq. NaOH to pH 10 while the temperature was kept below 
20»C with external cooling. Extraction with CH 2 CI 2 . drying the organic portion (Na 2 S0 4 ), and concentration to 
dryness gave 3.70 grams of product as a pale pink solid (88% yield). 

'H NMR (CDCI 3 ) 8 : 1.82 (m, 2H) ; 1.98 (m. 2H) ; 2.34 (s, 3H) ; 2.52 (dt, 2H) ; 2.62 (dt, 2H) ; 3.13 (s, 2H) ■ 7 47 
(d, 1H); 8.40 (dd,1H); 8.94 (d,1H). I 

StepJJ: Preparation of 1 ,4-Dihydro-1 '-methyl-7-methanesulfonamido-spiror(3H )-2-benzoDvran-3 4'- 
piperidin-1-one] " '■ — 

9.00 grams (32.6 mm) of 1 ,4Klihydro-1'-methyl-7-nitro-spiro[(3H)-2-benzopyran-3.4'-piperidine -lone] was 
dissolved in THF (175 mL) and stirred while 36 grams (160 mm) of SnCI 2 .2(H 2 0) was added in one portion. 
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The mixture was heated to 65°C for 3 hours and then poured into 400 ml_ of saturated aqueous NaHC0 3 . This 
was extracted with CHC! 3 (5 x 400 mL), the organic layer dried (Na 2 S0 4 ) and concentrated to a solid to give 
quantitative recovery of crude anilino lactone. This material was redissolved in pyridine (100 mL) cooled to 0°C, 
and treated with 4.2 mL of methanesulfonyl chloride. After stirring for 1 5 hours at 25°C, the mixture was diluted 
s with 1 .0 liter of CHCI 3 and washed with 50 mL of saturated aqueous NaHC0 3 . The organic portion was dried 

(Nc^oC*) *uiu wuiiuei'iueueu lit eu'i uiiy icoiuuc wiiioi'i was leuissuivcu in ICC niL uf CH 2 Ci2. Tile (jiuuuia uiys- 



taliized on standing at 25°C to give after isolation and drying in vacuo 9.0 grams (85%) of a white solid which 
contained 1/2 mole of CH 2 CI 2 by 'H NMR 

'H NMR (CDCI 3 ) : 8 : 1.79 (m, 2H) ; 1.98 (m. 2H) ; 2.33 (s. 3H) ; 2.45-2.75 (m. 4H) ; 3.00 (s, 2H) ; 3.06 (s, 
10 3H) ; 7.27 (d, 1H) ; 7.56 (dd, 1 H) ; 7.82 (d, 1 H). 

Step C : Preparation of 1 ,4-Dihydro-l '-(methyl)-7-methanesulfonamido-sp iro[(3H)-2-benzopyran-3,4'- 



To a solution of 1,4-dihydro-14memyl)-7-methanesulfonamido-spiro[(3H)-2-benzopyran-3,4'-piperidine- 
1-one] (1.5 g) in THF (15 ml) at 0°C under nitrogen was added a 1.0M lithium aluminum hydride in THF (5.55 

15 ml). The reaction was stirred at 0°C until complete and then quenched by addition of saturated brine. Methanol 
(50 ml) was added and the reaction filtered through a cake of Na 2 S0 4 . The Na 2 S0 4 cake was washed with 
methanol (300 ml) and the filtrates concentated to a solid. The solid was dissolved in 85% H 3 P0 4 and heated 
to 100°C for 30 minutes. The reaction was quenched into ice/water (100 ml) and chloroform (200 ml) added. 
The pH was adjusted to 8.7 with 40% NaOH and the chloroform layer was separated. The aqueous layer was 

20 washed with chloroform (250 ml), the organics were combined, dried over Na 2 S0 4 and concentrated to a solid 
(1.3 g). Crystallization from ethyl acetate/hexanes yielded 0.9 g of product 

'H NMR (300 MHz; CDCI 3 ) 8 : 7.08 (d, 1H), 7.0 (d, 1H), 6.92 (s, 1H), 4.7 (s, 2H), 3.0 (s, 3H), 2.65 (s, 2H), 2.55 
(m. 2H), 2.4 (m. 2H). 2.30 (s. 3H) 1.8 (m, 2H) 1.6 (m, 2H). 

Step D : Preparation of 1,4-Dihydro-7-methanesulfonamido-spiro[(3H)-2-benzopyran-3,4'-piperidine]hyd- 
25 rochloride 

To a solution of 1,4-dihydro-1'-methyl-7-methanesulfonamido-spiro[(3H)-2-benzopyran-3,4'-piperidine] 
(0.575 g) and N, N, N', N'-tetramethyl-1,8-napthalenediarnine (proton sponge) (0.6 g) in dichloroethane under 
nitrogen at 0°C was added 1-chloroethyl chloroformate (0.613 ml). The mixture was stirred at reflux for 2 hours, 
cooled filtered through silca gel (20 g) and the product eluted with ethyl acetate. The eluate was concentrated 
30 and the residue dissolved in methanol (20 ml) and refluxed for 18 hours. The reaction was concentrated to a 
foam and crystallized from ethanol/hexanes yielding 0.548 g of product 

•H NMR (300 MHz, DMSO) : S 8.7 (Broad S, 1H) 8.6 (Broad S, 1H) 7.15 (d, 1H) 7.05 (d, 1H). 6.9 (s. 1H), 
4.7 (s, 2H), 3.1 (m, 4H), 3.0 (s, 3H), 2.65 (s, 2H), 1.85 (m, 2H), 1.7 (m, 2H). 

Step E : Preparation of 1 ,4-Dihydro-1'-[2-(4-methanesulfonamidophenyl)ethyl]-7-methanesulfonamido- 
35 spiro[(3H)-2-benzopyran-3,4 , -piperidine]hydrochloride 

A mixture of 1,4Klihydro-7-methanesulfonamido-spiro[(3H)-2-benzopyran-3,4'-piperidine]hydrochloride 
(0.080 g), and the 2-[4-(methanesulfonamido)-phenyl]ethyl methanesulfonate (0.106 g), Kl (0.020 g), and 
sodium bicarbonate (0.061 g) in CH 3 CN was refluxed for 24 hours. The reaction was concentrated and 
chromotographed on silica using methylene chloride/methanol (95 : 5) to give upon concentration 0.130 g of 
40 a white foam. The foam was dissolved in ethanol and an ethanol/HCI solution was added. The resulting slurry 
was diluted with hexanes, filtered and yielded 0.130 g of product, mp 160-1 63°C. 

Employing the procedure substantially as described in Example 60, Step E but substituting for the 2-[4- 
(methanesulfonamido)phenyl]ethyt methanesulfonate used therein, the appropriate electrophiles there were 
produced the spiropiperidines described in Table II. 
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TABLE _I1 



a ale rap. (°C) 



<=HC1 140-1SO 
'0.75 H^O 



°3HC1 160-170 Cdes.) 

«2.5 SfcO 
«0.2 EtOJte 



°HC1 249-252 



=2K;1 184 Cd®c ) 



«:l >250 
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TABLE TT (CQQt- ) 



salt m p. (°C) 

238-245 

•IC1 140-142 
•HC1 234-235 



•HC1 246-248 
O. 35 H a O 



•IC1 251-253 
•0. 3 H 2 0 
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Exarrple -R-M salt m p. ( e C) 

°HC1 254-255 



°KCl 230-232 (dec. ) 



- °HC1 211-213 
<0. 2 H 2 0 



«C1 1S0-16 
66 j V^^^ *' 75 ^° 



«0. 2 EfcOH 



-2HC1 202-203. 5 

•0.5 B,0 



The compounds of Table lla were prepared from 1 ,4-dihydro-spiro[(3H)-2-ben2opyran-3,4'-piperidine]hyd- 
rochloride by the method described in Example 92, Step B using the appropriate mesylate or bromide. 
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TABLE Ila 



Exanple RM salt "PC°C) 

661 -CCBbD a -^^-MHSO^CBb *HC1 248-250 

66m -CCH 2 ) 2 -<^>-MD 2 — 116-118 

66n -CCH 2 D 2 -^n) -2HC1 174-176 

N «0. 5H 2 0 



3,4-Dihydro-142-(2-pyridyl)ethyi]spiro[(2H)-1-benzopyran-2-4 , -piperidine]-4-one hydrochloride 
Step A : Preparation of 3,4-Dihydro-spiro[(2H)-1-benzopyran-2,4 , -piperidine}-4-one hydrochloride . 

Method 1 

A solution of 2-acetylpheno! (5 g, 0.037 mmol), 1-benzoyl-4-piperidone(7.5 g, 0.037 mmol), pyrrolidine (2.6 
g, 0.037 mol^and GH 3 OH (50 miywas heated at refluxfor 8 hours. After cooling to room temperature overnight, 
the solid was filtered to yield 8.2 g of 1 '-benzoyl-3,4-dihydro-spiro[(2H>-1-benzopyran-2,4'-piperidin]-4-one. The 
mother liquorwas concentrated to dryness and the residue triturated with etherto yield an additional 1.7 g (83% 
total yield). 

A solution of the benzoyl compound (3.2 g, 0.01 mol), in ethanol (50 ml) and 6N HCI (50 ml) was heated 
at reflux. After 18 hours, the reaction was concentrated to dryness and the residue was flushed with ethanol 
(3X). The residue was crystallized from ethanol to yield Z4 g of title compound (92%) ; mp 238-240°C (ethanol). 
Analysis for C 13 H 15 N02-HCI 
Calcd : N, 5.52 ; C, 61.54 ; H, 6.36. 
Found : N, 5.38 ; C, 61.62 ; H, 6.42. 

Method 2 

Utilizing the chemistry described in Method 1 but substituting 1-methyW-piperidone in place of 1-benzoyl- 
4-piperidone provided an 82% yield of the corresponding 1 '-methyl compound ; mp >300°C (ethanol). Analysis 
forC 14 H 17 N0 2 .HCI 
Calcd : N, 5.23 ; C, 62.80 ; H, 6.78. 
Found : N, 5.02 ; C, 62.51 ; H, 6.90. 

A solution of the 1'-methyl compound (1 .45 g, 0063 mol) in benzene (30 ml) was added dropwise to a sol- 
ution of 5M CNBr in CH 3 CN (1 .5 ml) in benzene (30 ml). The solution was stirred overnight at room temperature 



41 



% 



EP 04311 943 A2 




and then concentrated to dryness. The residue was treated with acetic acid (66 ml), 12N HCI (8 ml) and H 2 0 
(35 ml). The solution was heated at reflux for 4 hours. After stirring at room temperature, the reaction was con- 
centrated to dryness and the residue crystallized from ethanol to yield 1.6 g (75%) of title compound. 

Step B : Preparation of 3,4-Dihydro-1 '-[2-(2-pyridyl)-ethyl]spiro[(2H)-1 -benzopyran-2,4'-piperidin1-4-one 
hydroc hloride 

A solution of the prnrinetfrom Step A (0.4 g. 0.0018 mol) in ethanol (10 ml) and 2-vinylpyridine (u.39 g, 
0.0037 mmol) was heated at reflux. After 18 hours, the reaction was concentrated to dryness and the residue 
was chromatographed on silica gel (Still column, 50 mm). The product was eluted with 20% CH 3 OH-CHCI 3 with 
2% aqueous NH 3 . The product was crystallized as the hydrochloride salt from CH 3 CN to yield 0.37 g (51%) of 
title compound ; mp 229-230°C. 
Analysis for C20H22N2O2-2HCI. 
Calcd : N, 7.09 ; C, 60.76 ; H, 6.12. 
Found : N, 7.06 ; C, 60.70 ; H, 6.17. 

EXAMPLE 68 

3,4-Dihydro-1 '-[2-P-nitrophenyl)ethyl]spiro[(2H)-1 -benzopyran-2,4'-piperidine]-4-one hydrochloride hemi- 
hydrate 

Under N 2 . a mixture of the product of Example 67, Step A (0.91 g, 0.0042 mol), 4-nitrophenethyibromide 
(1.2 g, 0.005 mo!), NaHC0 3 (1.3 g, 0.015 mol) in ethanol (25 ml) was heated at reflux After 1 day, 4- 
nitrophenylethylbromide (1.2 g) and NaHC0 3 (1 .3 g) was added and the mixture heated at reflux an additional 
24 hr. The reaction was then concentrated to dryness and the residue was chromatographed on silica gel (Still 
column, 50 mm). The product was eluted with 10% CH 3 OH-CHCI 3 and the product crystallized as the hyd- 
rochloride salt to yield 0.45 g (25%) of the title compound ; mp 250-251°C (CH 3 CN). 
Analysis for C^HjzNaO^HCM^HaO 
Calcd : N, 6.70 ; C. 60.98 ; H, 5.51. 
Found : N, 6.80 ; C, 61.23 ; H, 5.87. 

EXAMPLE 69 

3,4-Dihydro-1'-(4-pyridyl)spiro[(2H)-1-benzopyran-2-4'-piperidine]-4-onehydrochloride 
A mixture of product from Example 67, Step A (1.0 g, 0.0046 mol), 4-bromopyridine (1.99, 0.0092 mol), 
NaHC0 3 (2.3 g, 0.027 mol) in ethanol (40 ml) was heated at reflux. After 24h, K^C^ (3.7 g, 0.0027 mo!) was 
added and the reaction was heated at reflux. After 24 hour, DMF (25 ml) was added, the ethanol boiled off and 
additional 4-bromopyridine (0.5 g) was added. After 24 hours at reflux, the reaction was poured into H 2 0 and 
the aqueous phase extracted with ethyl acetate (3x). The organic layers were dried, filtered and concentrated 
to dryness. The residue was chromatographed on Silica gel (Still column (50 mn) and the product was eluted 
with 1 0% CH 3 OH-CHCI 3 . The product was crystallized as the hydrochloride saltfrom ethanol to yield 0.4 g (27%) 
of product mp 251-253°C Analysis for C^H^NaOa-HCI. 



EXAMPLE 70 

3,4-Dihydrc-142-(2-pyridyl)ethyl-6^ 
dihydrochloride mono-hydrate 



Step A : Preparation of 6-acetamido-3,4-dihydro-spiro (2H-1-benzopyran-2-4'-piperidinel-4-one 
A solution of 4-acetamido-2-acetyIphenol (13 g, 0.067 mol), CH 3 OH (90 ml), piperidine-4-one HCIH 2 0 (1 1 
g, 0.072 mol) and pyrrolidine (10.2 g, 0.14 mol) was heated at reflux. After 20 hr, piperidine-4-one.HCL.H 2 0 



Calc'd 
N 8.47 
C 65.35 
H 5.79 



Obs . 
8.30 
65.06 
5.72 



METHOD 1 
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(1 .5 g, 0.01 mol) and pyrrolidine (1.7 g, 0.024 mol) were added and the reaction was heated at reflux. After 18 
hr, the reaction was concentrated to dryness and the residue was dry packed with silica gel. The dry pack was 
added to a Still column (100 mm) and the residue eluted with 10% CH 3 OH-CHCI 3 with 1% aq. NH 3 to yield 3.5 
g of phenolic starting material and then 11.8 g (64%) of title compound. 
5 step B : S-Acetamido-S.^Dihydro-l'-B^a-pyridyQ-ethyllspiroKaHVI-benzopyran^^'-piperidinH-one- 

hyrirnrihlnririe 

. -i a l-r n _ n nie 1\ i-U r>U MCA -J_„inwlr«/rW;no I& A. ml fi O n fl f!7» 

rtauiuiiun ui piuuuuuiuiii u«K" V •« a> w.v*.w.m«vi — -a— ■ \ ■ — "'V> - -■■ vtj »- a. 

mol) and acetic acid (1 0 drops) was heated at reflux. After 24 hr, the reaction mixture was poured into saturated 
NaHC0 3 and the mixture extracted with ethyl acetate (4x). The organic extracts were dried, filtered and con- 
10 centrated to dryness (quantitative yield). An analytical sample was prepared by crystallization of the HCI salt 
from ethanol, m.p. 228-230»(dec). Analysis for Ha N 3 0 3 .2HCI3/4 H 2 0. 

Calc'd Efflffld 



N 


9.02 


9. 


,08 


C 


56.71 


56, 


.74 


H 


5.78 


6, 


.08 



20 Step C : Preparation of 3,4-Dihydro-1'-r2-(2-pyridyl) ethyl]-6-methanesulfonamido-spiro[(2H)-1-ben- 

zopyran-2-4'-piperidin]-4-one- dihydrochloride. monohydrate 

A solution of product from Step B (9.7 g, 0.025 mol) in ethanol (150 ml) and 6 N HCL (150 ml) was heated 
at reflux for 19h. The reaction was then concentrated to dryness and the residue was flushed (2x) with ethanol 
toluene to yield 8.0 g (71%) of deacetylated product The residue was treated with CH 2 a 2 . (250 ml), pyridine 

25 (40 ml) and methanesulfonyl chloride (2 ml, 2.96 g, 0.026 mol). After stirring overnight at room temperature, 
the reaction mixture was washed with 2.5 N NaOH (3x), the basic layer was adjusted to pH 8.5 and extracted 
with ethyl acetate (5x). The organic extracts were dried, filtered and concentrated to dryness to yield a 6.1 g 
residue which was crystallized as the dihydrochloride salt to yield the title compound. 

30 METHOD 2: 

Step A : Preparation of V-benzoyl-S^ihydro^-nrb^spiro^Hj-l-benzopyran-Z^'piperidine^-one and 
1 , -benzoyl^,4-<iihydro-6-nitrospiro[(2H)-1-benzopyran-2-4 , -piperidene]4-one 

Under N 2 , HN0 3 (15 ml, 1.49 density, 22.3 g, 0.35 mol) was added dropwise to a cooled solution of the 
35 1 '-benzoyl product from Example 67, Step A of Method 1 (12.6 g, 0.039 mol) in acetic anhydride (120 ml). After 
the addition, the solution was stirred at room temperature. After 3 hours, the reaction was poured into saf d 
Na 2 C0 3 and ice and the mixture was extracted with ethyl acetate (3x). The organic extract was dried, filtered 
and concentrated to dryness. The residue was chromatographed on silica gel (Still column, 100 mm) to yield 
1.2 g (8.2%) of the 8-nitro product and then with 50% ethyl acetate-hexane to yield 6.4 g (44%) of the 6-nitro 
40 product 

Step B : Preparation of 6-amino-1'-benzoyl-3,4-dihydro-spiroI(2H)-1-benzopyran-2-4'-piperidine]-4-one 
A suspension of the 6-nitro compound from Step A (3.2 g, 0.0087 mol) in ethanol (200 ml) and acetic acid 

(50 ml) with one teaspoonful of Raney nickel was hydrogenated at 5 psi. After the theoretical amount of H 2 was 

absorbed, the mixture was filtered under N 2 through a super eel pad and the solution was concentrated to dry- 
45 ness. The residue was partitioned between saturated NaHC0 3 and CHCI 3 (3x) and the organic extracts were 

dried, filtered and concentrated to dryness to yield 2.8 g (95%) of title compound. 

Step C : Preparation of 1 '-benzoyl-3,4-dihydro-6-methanesulfonamido-spiro[(2H)-1-benzopyran-2-4'- 

piperidine]-4-one 

Under N 2 , methanesulfonyl chloride (0.7 ml, 1 g, 0.009 mol) was added dropwise at room temperature to 
a> a solution of product from Step B (2.6 g, 0.0077 mol) and pyridine (2 ml) in CH 2 CI 2 (80 ml). After 18 hours, the 
reaction was poured into dilute acid and the mixture was extracted with ethyl acetate (5x). The organic extracts 
were dried, filtered and concentrated to dryness. The mixture was crystallized from CHsOH-C^HsOH to yield 
2.2 g (69%) of product 

Step D : Preparation of 3,4-dihydro-6-methanesulfonamido-spiro[(2H)-1-benzopyran-2-4'-piperidin]-4-one 
55 A solution of product from Step C (2.6 g, 0.0063 mol) in ethanol and 6 N HCI (40 ml) was heated at reflux. 
After 18 hours, the solution was concentrated to dryness. The residue was crystallized from CH 3 OH-C 2 H 5 OH 
to yield 1 .8 g (82%) of product mp 285-287°C. Analysis for C U H 18 N 2 0,S-HC1. 

43 



EP 0 431 943 A2 



N 8.06 -7.97 
C 43.48 48.42 
a. 5.52 5.49 

Ste p E : Preparation of 3.4-dihydro-r-[2-(2-pyridyl)ethyn-6-methanesu lfonamido-s P iro[(2H)-1-ben- 
zopvran-2-4 ; -piperidinH-one dihydrochloride • monohydrate 

Under N 2 product from Step D (0.5 g, 0.0014 mol), 2-vinylpyridine (0.36 g, 0.0034 mol), sodium acetate 

trihydrate (0 45 g, 0.0033 mol), and 1 : 1 CH 3 OH : H 2 0 (5.4 ml) was heated at reflux for 10 hours. The reaction 
was then partitioned between 10% NaOH and ethyl acetate and the organic layer was discarded. The aqueous 
layer was then adjusted to pH 8.5 and extracted with ethyl acetate (3x). The organic extract was dried, filtered 
and concentrated to dryness. The residue was crystallized as the hydrochloride salt from CH 3 OH to yield 0.4 
g (55%) of product mp 214-215°C. Analysis for C21H25N3O4S.2HCI.H2p 



Calc'd Eosad 



N 


8.30 


8. 


.41 


C 


49.70 


50. 


.00 


H 


5.33 


5 


.51 



METHOD 3 

Step A: Preparation of 3,4-Dihydro-1'-methyl-6-nitrospiro-[(2H)-1-benzopyran-2,4'- piperidin1-4-one 
Sulfuric acid (55 ml) was cooled to 0°C and was stirred as 3,4-dihydro-1'-methyl-spiro[2H-1-benzopyran- 
2,4'-piperidinH-one (1 1 .56 g, 0.05 mol) was added over 20 minutes. Some gum separated. A solution of 90% 
nitric acid (2.5 ml, 0.0525 mol) in sulfuric acid (5 ml) was added over 20 minutes. The mixture was stirred for 
2 hours at 0°C and then for 1 hour at room temperature. A solution resulted but nitration was not complete. 
90% Nitric acid (0.3 ml, 0.007 mol) was added and stirring was continued for 1s hours at room temperature. 
The reaction solution was poured into a mixture of ice, ethyl acetate, and sodium bicarbonate (210 g). The basic 
mixture was filtered, the ethyl acetate layer was separated and the aqueous layer was extracted with ethyl ace- 
tate (150 ml). The combined ethyl acetate extracts were washed with saturated NaCI, dried, filtered and con- 
centrated in vacuo to yield 10.6 g (77%) of product 

Step B : Preparation of 3,4-dihydro-6-amino-r-methylspiro[(2H)-1-benzopyran-2,4' -piperidinl-4-one 
The s.^dihydro-l'-methyl-e-nitro-spiroPH-l-benzopyran-^^-piperdinH-one (11.2 g, 0.04 mol) was dis- 
solved in acetic acid (200 ml) and was hydrogenated using two "lab spoon" spatulas of Raney nickel catalyst 
in a Parr shaker. The theoretical amount of hydrogen was absorbed in 4 hours. The reaction mixture was filtered 
under nitrogen and the acetic acid was removed in vacuo. The residual oil was taken up in 3N HCI (150 ml), 
washed with ethyl acetate and neutralized with solid sodium bicarbonate. The product was extracted into ethyl 
acetate (3 x 100 ml), washed with sard. NaCI, dried, filtered and concentrated in vacuo to yield 7.4 g (75%) of 
product 

StepC : Preparation of 3,4-dihydro-6-methanesulfonamido-1'-methyl-spiro[(2H)-1-b enzopyran-2,4'piperi- 

^3^hydro-6-amino-1'-me^ g, 0.0027 mol) was stir- 

red in methylene chloride (50 ml) and pyridine (16 ml) at room temperature under a nitrogen atmosphere as 
methanesulfonyl chloride (2.7 ml. 0.035 mol) was added dropwise over several minutes. Some gum separated 
so additional pyridine (25 ml) was added. The mixture was stirred at ambient temperature for 16 hours. The 
methylene chloride and pyridine were removed in vacuo and the residue was taken up in saturated NaHC0 3 
(1 50 ml) and methylene chloride (150 ml). The methylene chloride layer was separated and the aqueous phase 
was again extracted with methylene chloride. The combined extracts were washed with sodium bicarbonate, 
dried filtered and concentrated in vacuo. The residual mixture was chromatographed on silica gel (500 g) using 
15% methanol/chloroform to yield 3.67 g (50%) of product 

Step D : Preparation of 3,4-dihydro-6-methanesulfonamido-r-spiro[2H- 1-benzopyran-2,4'-pipendinel-4- 

one hydrochloride 
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3,4-Dihydro-6-methanesulfonamido-1'^ethylspiro[2H-1-ben2opyran-2.4^piperIdin]-4-one (324 mg, 0.001 
mol) was dissovied in dry tetrahydrofuran (10 ml) and 1-chloroethyl chloroformate (0.3 ml. 0.003 mol) was added 
at room temperature followed by triethylamine (0.37 ml, 0.003 mol). The mixture was stirred in an oil bath at 
70°Cfor 1 hour. Additional triethylamine (0.13 ml, 0.001 mol) was added and stirring at70°C was continued 
for 1 hour. The reaction mixture was concentrated to dryness in vacuo . The residue was taken up in chloroform 
'25 in" and rrai washed with cold 3N HCL 2~d with v/2ter, dried, filtered end cor»oent rs, * prf ' n vacuo to an amber 
oil. This oil was refluxed in methanol (15 mi) over night The meihanoi was removed in vawQ. The residua! oil 
was triturated in ethanol (5 ml) the solid that separated, was diluted with ether (1 0 ml) and then filtered to obtain 
246 mg (71%) of product. 

Step E : Preparation of 3,4-dihydro-V-{2-(2-pyrid y l)-ethyl16-methanesulfonamido-spirof2H-1-benzopyran- 
2,4'-piperidineH-one dihydrochloride monohydrate 

Prepared as described in Method 2, Step E of this Example. 



3.4-Dihydro-1 *-[2-(2-pyridyl)ethyl]spiror2H-1 -benzothiopyran-2-4'-piperidineH-one hydrochloride hemihy- 
drate 

Step A : Preparation of methyl 1-benzoyl-4-piperidinylidene acetate : 

UnderN 2 , a mixture of 1-benzoyl-4-piperidone (10.2 g, 0.05 mol), methyl (triphenylphosphoranylidene) ace- 
tate (25 g. 0.074 mol) in toluene (100 ml) was heated at reflux for 7 hours. After stirring at room temperature 
overnight, the solid was filtered off to yield 13.9 g (100%) of triphenylphosphine oxide. The mother liquor was 
concentrated to dryness and the residue was treated with acetic acid (42 ml), H 2 0, (6 ml) and 12N HCI (6 ml). 
The mixture was heated at 80-85°C with stirring for 15 hours. The reaction was then concentrated to dryness 
and the residue was partitioned between saturated NaaCOa and ethyl acetate. The aqueous layer was further 
extracted with ethyl acetate (1x). neutralized to pH 3 with 6N HCI and extracted with ethylacetate (4x). The 
organic layer was dried, filtered and concentrated to dryness to yield 7.2 g (59%) of title compound. 
Step B : Preparation of 3-phenylthio-1'-benzoylspiro-I3,4'-piperidin]propionic acid 
Under N 2 , a solution of product from Step A (1 0 g, 0.041 mol), thiophenol (9.0 g, 0.082 mol), and (C2H 5 ) 3 N 
(4.1 g, 0.041 mol) in THF (1 00 mL) was heated at reflux. After 1 8 hours, tetrabutylammonium fluoride (1 .0 Molar 
in THF, 3 ml) was added. After an additional 24 hours at reflux, the reaction was concentrated to dryness. The 
residue was treated with 5% NaOH and the aqueous extracted with (C^feO (2x), acidified and extracted with 
ethyl acetate (3x). The organic extracts were dried, filtered and concentrated to dryness. The residue was tritu- 
rated with ether and filtered to yield 13.7 g (96%) of product 

Step C : Preparation of I'-benzoyl-S^ihydro-spiroWI-benzothiopyran^^'-piperidinH-one 
Under N 2 , a mixture of product from Step B (4.0 g, 0.011 mol) and concentrated H2SO4 (40 ml) was stirred 
at room temperature. After 18 hours, the reaction was poured onto ice and the aqueous was extracted with 
ethyl acetate (3x). The organic extracts were dried, filtered and concentrated to dryness. The residue was cov- 
ered with ether and the solid was filtered off to yield 2.6 g (84%) of product. 

Step D : Preparation of S.^dihydro-sp^H-l-benzothiopyran^.^-piperidinH-one hydrochloride 
A solution of product from Step C (3.2 g. 0.0095 mol) in ethanol (50 ml) and 6N HCI (50 ml) was heated at 
reflux. After 18 hours, the reaction was concentrated to dryness and the residue crystallized from ethanol to 
yield 2.9 g (92%) of product 

Step E : Preparation of S^ihydro-l'^^-pyridvljethyllspiroPH-l-benzothiopyran^^'-piperidinl-^ 
one-hydrochloridehemihydrate 

Under N 2 , a mixture of product from Step D (0.54 g, 0.002 mol), 2-vinylpyridine (0.62 g, 0.0059 mol), 
NaHC0 3 (0.6 g, 0.0071 mol) in absolute ethanol (20 ml) was heated at reflux. After 24 hours, acetic acid (4 
drops) was added and refluxing was continued. After 24 hours, H 2 0 (20 ml), and 2-vinylpyridine (2 ml) were 
added. After another 72 hours at reflux, the reaction was concentrated to dryness. The residue was 
chromatographed on silica gel (Still column, 50 mm) and the product eluted with 5% CH3OH-CHCI3. The com- 
pound was crystallized as the hydrochloride salt from ethanol to yield 0.62 g (80%) of product. Analysis for 
CaoH^OS-HCMfc H 2 0. 



EXAMPLE 71 



CalC'd 
N 7.27 
C 62.23 
H 6.11 



Found 
7.30 

62.56 
6.30 
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EXAMPLE 72 

I'^-Pyridylethyllspiron.S-benzodithiol^^'-piperidineldihydrochloride 

500 mgs (3.52 mmol) of 1,2-dimercaptobenzene and 725 mgs of 1-(2-2'-pyridyIethyl)-4-piperidone in 15 
mL of CH 2 CI 2 were stirred at 25°C while anhydrous HCI gas was introduced. Na 2 S0 4 (20 g) was added and 
stirring continued for 24 hour*: The whole was diluted with H 2 0 and made basic with NaOH (20% aq) ana ext- 
racted with CH 2 CI 2 . The organic portion was dried (Na 2 S0 4 ) filtered, concentrated and flash chromatographed 
oversilica gel (5% methanol in CHzCy to give 420 mgs of free base. This was converted to the dihydrcchloride 
salt. 

'H NMR (CDCI 3 ) 8 : 2.32 (t 4H) ; 2.63 (m, 4H) 2.80 (m, 2H) ; 2.90 (m. 2H) ; 7.00 (m, 2H) ; 7.12 (m, 1H) ; 
7.19 (m, 2H) ; 7.60 (dt, 1H) ; 8.53 (dd, 1H). 

EXAMPLE 73 

S-Nitro-l'-g^-pyridylethyll-spiroII.S-benzodithiole^^'-piperidine dihyrochloride 
Step A : Preparation of 1'-benzoyl-spiro[1,3-benzoditypiole-2,4'-piperidirie] 

500 mgs (3.52 mmol) of 1 ,2-dimercaptobenzene and 61 0 mgs (3.00 mmol) of N-benzoyl-4-piperidone were 
stirred in CH 2 CI 2 while anhydrous HCI gas was introduced Na 2 S0 4 (2 grams) was added and the mixture stirred 
15 hours. The mixture was diluted with CH 2 CI 2 filtered and washed with H 2 0, and 10% NaOH. The organics 
were dried (Na 2 S0 4 ) and concentrated to a solid (yield 740 mgs). 

'H NMR (CDCIa) 8 : 2.30 (bm, 4H) ; 3.5-4.0 (bd, 4H) ; 7.04 (m, 2H) ; 7.20 (m, 2H) ; 7.40 (m, 5H). 

Step B : Preparation of 5-Nitro-V-benzoyl-spiro [1,3-benzodithiole-2.4'-piperidine] 

7.00 grams (21.4 mmol) of the spiro dithiol ketal from Example 73 Step A in 50 mL of acetic acid cooled 
to 10°C was treated dropwise with 1.35mLof HN0 3 (d = 1.49) dissolved in 10 mL of acetic acid. The reaction 
was allowed to warm to 25°C, and stirred for 15 hours and then poured into ice water. The aqueous phase was 
extracted with CH 2 CI 2 and the extract was washed with H 2 0, 5% NaHC0 3 and brine, dried (Na2S0 4 ), concen- 
trated and flash chromatographed (silica/ethyl acetate). The faster eluting component was identified as the 
nitration product. 

'H NMR (CDCI3) 8 : 2.33 (bm, 4H) ; 3.50-4.00 (bm, 4H) ; 7.31 (d, 1H) ; 7.42 (m. 5H) ; 7.91 (dd. 1H) ; 8.05 
(d, 1H). A slower eluting product was identified as the mono sulfoxide 1-oxa-1'benzoyl-spiro [1,3-benzodithiole- 
2,4'-piperidine]. 

'H NMR (CDCI3) 8 = 2.10 (bm, 3H) ; 2.45 (bm, 1H) ; 3.55 (bm, 3H) ; 4.30 (bm, 1H) ; 7.31 (dt, 1H) ; 7.43 (m, 
6H) ; 7.48 (m,1H); 7.85 <d,1H). 

Step C : Preparation of 5-Nitro-spiro[1,3-benzodithiole-2,4'-piperidinej 

1 .20 grams of the nitro dithioacetal from Step B in 46 mL of ethanol was treated with 1 8 mL of 40% aqueous 
NaOH and heated to 70°C for 8 hours. The solution was diluted with water and extracted with CH 2 CI 2 . The 
organics were combined, washed with water, saturated aqueous sodium carbonate, brine, dried (Na 2 S0 4 ) and 
concentrated to an oil. The oil was filtered through silica gel eluting with 10% CH 3 OH in CH 2 CI 2 to give the pro- 
duct as a yellow solid. 

'H NMR (CDCI3) 8 : 2.38 (t, 4H) ; 2.98 (t, 4H) 7.28 (d, 1H) ; 7.89 (dd, 1H) ; 8.03 (d, 1H). 

Step D : Preparation of 5-Nitro-1'-I2-2-pyridylethyl]-spiro[1.3-benzodithiole-2,4'-piperidineldihydrochloride 

50 mgs of the nitrophenyl dithioacetal from Step C and 0.75 mL of 2-vinylpyridine were stirred at 70°C in 
1 .5 mL of methanol and 0.5 mL of H 2 0 containing 1 08 mgs of sodium acetate for 1 8 hours. The reaction mixture 
was concentrated to an oily residue and flash chromatographed (Silica gel 5% MeOH in C^cy to give 20 mgs 
of the product as its free base. This was converted to the dihydrochloride salt with 2 M HCI in isopropanol. After 
trituration with ethyl acetate the salt was obtained by filtration as the hemihydrate. 

'H NMR of freebase (CDCI 3 ) 8 : 2.35 (m, 4H) 2.65 (m, 4H) ; 2.80 (m, 2H) ; 3.00 (m, 2H) ; 7.15 (dd, 1H) ; 
7.18 (d. 1H) ; 7.27 (d, 1H) ; 7.61 (dt, 1H) ; 7.89 (dd, 1H), 8.03 (d, 1H) ; 8.52 (d, 1H). 

EXAMPLE 74 

1-Oxa-1 , -(2-(4-nifrophenyl)ethyl)-spiro(1,3-benzodithiole-2,4'-piperdine)hydrochloride 
Step A : Pre paration of 1-oxa-spiro[1 ,3-benzodithiole-2.4'-piperdin"e] 

The sulfoxide from Example 72, Step B was treated with ethanolic sodium hydroxide in a manner similar 
to that described for the nitrophenyldithioacetal in Example 73, Step C to furnish the unsubsituted piperidine 
product 

'HNMR (CDCI3) 8 : 1.85 (m, 1H) ; 2.00 (m, 1H) 2.20 (m, 1H) ; 2.40 (m, 1H) ; 2.90-3.30 (m, 4H) 7.27 (m, 
1 H); 7.43 (m,2H); 7.84 (d,1H). 
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Step B : Preparation of 1-Oxa-r-(2-(4-nitrophenyl) ethvn-spiro(1,3-be nzodithiole-2,4'-piperdine)hyd- 

rochl oride _ , .. „ . 

220mgs of the dithioacetal monosulfoxide from Example 74, Step A and 490 mgs of 2-(4-mtrophenyl)ethyi 

bromide in 3 mL of ethanol containing 580 mgs of NaHC0 3 was stirred and heated to 75°C for 20 hours. The 
reaction was diluted with CH 2 CI 2 and H 2 0, extracted with CH 2 CI 2 and the combined organics extracted with 1 N 

. .... . _. ...... * i I t.J than hacWaH fr» nW 1D with 10% NaOH. 

MUl (aqj. i ne aqueous auiu e*u«« «°^> ■«*»■■»— .... — ■ . _ j ^ j 

The aqueous layer was extracted with ethyl acetate, dried (Na 2 su 4 }, concentrated » a yeiiow c. a..u uisscvs., 
in Ethyl acetate. The hydrochloride salt was formed with 2N HCI in isopropanol. After concentration and reo 
rystalization from ethanol the product was obtained as a solid. 

'H NMR of freebase (CDCI 3 ) 6 : 1.90 (m, 1H) ; 2.10 (m. 1H) ;2.30 (m, 1H) ; 2.50-2.80 (m, 5H) ; 2.80-3.00 
(m, 2H) ; 2.95 (t, 2H) 7.28 (ddd. 1H) ; 7.37 (d. 2H) ; 7.42 (M, 2H) ; 7.82 (dd, 2H) ; 8.16 (d, 2H). 



EXAMPLE 75 

5-nitro-1'-(2-(4-nitrophenyl)ethyl-spiro(1 > 3-Benzodithiole-2,4'-piperidine1 

267 mgs (1.0 mmol) of dithioacetal from Example 73, Step C in 1 mL of DMF was treated with 345 mgs 
(1 5 mmol) of 2-(4-nitrophenyl)ethyl bromide and 0.52 mL of diisopropylethyl amine and was heated to 60°C for 
8 hours. The mixture was cooled to 25°C and dissolved In ether and 1 N aq. HCI. The aqueous layer was washed 
with ether and then basified to pH 10.0 with 20% NaOH. Extraction with ethyl acetate, drying (Na 2 S0 4 ) of the 
organic extracts, and concentration gave 370 mgs of a crude yellow solid. An analytical sample was obtained 
by crystalization from ether mp 1 50-1 52°C. 



EXAMPLE 76 

5-Methanesulfonamidc-1'-(2-(4HT>ethanesulfonamidophenyl)ethyl-spiroI1,3-benzod ithiole-2.4'-piperi 
hydrochloride 

Step A : Preparation of 5-amino-1'-(2-(4-aminophenyl) ethyl-spiro(1,3-benzodithiol e-2,4'-pipendine 
The compound from Example 75 was dissolved in 4.5 mL of acetic acid at 25°C and treated dropwise over 
2 hours with 1 5% TiCJ 3 in aqueous HCI (1 5 mL). The mixture was diluted with Ch^Cfe and H 2 0, the pH adjusted 
to a 10 with 20% aq. NaOH and extracted with CH 2 CI 2 (3x). The combined organic layers were washed with 
saturated aq Na 2 C0 3 dried (NazSO,) and concentrated to an oil which crystallized from ether to give 300 mg 
of a pale yellow solid. 

'H NMR (CDCI3) 8 : 2.35 (m. 4H) ; 2.70 (m. 8H) ; 3.58 (bs, 4H) ; 6.38 (dd, 1H) ; 6.58 (d, 1H) ; 6.63 (d. 2H) 
6.95 (d,1H); 6.99 (d,2H). 

Step B : Preparation of 5-Meftanesulfonamido-1'-(2-(4-methanesulfonamidophenvl)ethyl-spiro[1,3-ben- 

zodithioIe-2,4'-piperidine] hydrochloride 

1 00 mgs (0.28 mm) of the bis-aniline from Step A was dissolved in 1 mL of CH 2 CI 2 , cooled to -10°C, and 
treated with diisopropylethylamine (0.29 mL) followed by 0.11 mL of methanesulfonyl chloride. The reaction 
was stirred for 2 hours and allowed to warm to 0°C. The mixture was diluted with Cl-kCfe and washed with satu- 
rated aq. Na 2 C0 3 and brine, dried (Na^), and concentrated to afoam. Thefoam was redissolved in methanol 
and THF (10 mL ;) and stirred at25°C while 5% aqueous NaOH was added (0.5 mL). The mixture was diluted 
with CH 2 Ci 2 and washed with saturated aqueous NaHC0 3 , dried (Na 2 S0 4 ) and concentrated to a foam. The 
foam was dissolved in ethyl acetate/methanol and 2M HCI in isopropanol was added to give an off-white pre- 
cipitate of the hydrochloride salt Meld 66 mg. 

•H NMR (DMSO, d 6 ) S : 2.58 (m, 2H) ; 2.95 (s, 3H) ; 3.00 (s, 3H) ; 3.15 (m. 4H) ; 3.40 (m. 4H) ; 3.60 (m, 
2H) 6.98 (m, 1H) ; 7.23 (m, 6H) ; 9.70 (s, 1H) ; 9.80 (d, 1H) ; 10.70 (m, 1H). 



EXAMPLE 77 

5-Methanesulfonamido-1'-(2-(2-pyridyl)emyl-spiro[1,3-benzodifliiole-2,4'-piperidine1dihydrochloride 
Nitrophenyldithioacetal (163 mg) from Example 73. Step D was dissolved in 8 mL of ethanol and treated 
with 1.60 grams of SnCI 2 -2 H 2 0 at 25°C. The mixture was heated to 70°C for 2hrs., poured into saturated 
aqueous Na 2 C0 3 , and extracted with CH 2 CI 2 . The organic portion was washed with H 2 0, dried (Na 2 S0 4 ). and 
concentrated to a foam to give 120 mgs of crude aniline compound. The crude aniline was dissolved in 2 mL 
of pyridine and treated with 0.05 mL of methanesulfonyl chloride at 25°C. After stirring for 12 hrs the mixture 
was diluted with CH 2 CI 2 and washed with aqueous NaHC0 3 , dried (Na 2 S0 4 ) and concentrated to a foam. The 
foam was converted to a dihydrochloride salt from ethanol using 2M HCI in isopropanol. Yield, 90 mgs. 

'H NMR (DMSO, d 6 ) S 2.60 (m, 4H) ; 3.02 (s, 3H) 3.40 (m, 6H) ; 3.60 (m, 2H) ; 6.98 (dd, 1 H) ; 7.1 8 (d, 1 H) 
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7.34 (d, 1H) ; 7.55 (bt, 1H) ; 7.61 (bd, 1H) ; 8.08 (bt. 1H) ; 8.77 (d, 1H) ; 9.80 (s, 1H). 



EXAMPLE 78 




6U(JIJT^l|#VIWi«nwr "J — ■ ■ \ ' * 

a gas inlettube. Anhydrous MgS0 4 (0.50 grams) was added aftersaturation with HCI, and stirring was continued 
for 1 5 hrs. The crude mixture was diluted with water and basified to pH 1 0 with aqueous 1 0% NaOH. The mixture 
was extracted with CH 2 CI 2 . and the extract was dried (NazSOJ and concentrated to give a crude oil which was 
dissolved in ethyl acetate. Anhydrous HCI in isopropanol (2N) was added to give the dihydrochloride salt which 
was collected by filtration and recrystallized from CH 3 OH/ethyl acetate. 

'H NMR (DMSO, d„) 8 : 2.34 (m, 4H) ; 3.20-3.70 (m, 8H) 3.97 (s, 2H) ; 7.15-7.70 (m, 4H) ; 7.70 (m, 2H) ; 
8.1 8 (m, 1H) ; 8.70 (d, 1H) ; 1 1.35 (bs, 1 H) ; 

EXAMPLE 79 

1-(2-(4-Nitrophenyl)ethyl)spiro-(4H-1,3-benzodithiin-2,4'-piperidine) 
Step A : Preparation of spiro-(4H-1,3-benzodimiin-2,4 , -piperidine) 

To 2.86 grams (0.018 mol) of 2-mercaptobenzyl mercaptan in 1 00 mL of CH 2 CI 2 was added 3.72 grams of 
4-N-benzoylpiperidone. Anhydrous HCI gas was introduced and the reaction was stirred for 15 hrs at 25°C. 
MgS0 4 (anhydrous, 3.00 grams) was introduced and the reaction stirred 8 hrs then diluted with CH 2 CI 2 , filtered 
and washed with H z O, 5% NaOH (aq) and H 2 0. The organic phase was dried (Na 2 S0 4 ) and concentrated to 
an oil (1 .85 grams). The crude oil was dissolved in 20 mL of ethanol and 72 mL of 40% aqueous NaOH, heated 
to 70°Cfor 1 5 hrs and then concentrated to remove ethanol. The productwasobteined by extraction with CH 2 CI 2 
of the remaining aqueous phase. Yield 1.08 grams of product as an oil. 

'H NMR (CDCI 3 ) 8 : 1.98 (m, 4H) ; 2.90 (m, 2H) 3.04 (m, 2H) ; 3.82 (s, 2H) ; 7.18-7.28 (m, 3H) ; 7.36 (m, 

1H) 

Step B : Preparation of 1-(2-(4-nitrophenyl)ethyl)spiro-(4H-1,3-benzodithiin-2,4'-piperidine) 
To 111 mgs (0.47 mmol) of dithioketal from Step A in 1 mL of methanol was added 157 mgs of sodium 
bicarbonate and 1 1 8 mg (0.54 mmol) of 2-(4-nitrophenyl)ethyl bromide. The reaction was refluxed for 6 hrs and 
then concentrated at reduced prssure. The residue was chromotographed (silica gel, 2.5% CH 3 OH/CH 2 Cl2) to 
give after concentration and crystallization from ethyl acetate/Hexanes, 120 mgs of product as the free base. 

'H NMR (CDCI 3 ) 8 : 2.06 (m, 4H) ; 2.55 (m, 2H) 2.70 (m, 4H) ; 2.89 (dd, 2H) ; 3.82 (s, 2H) ; 7.25 (m, 3H) ; 
7.35 (m,3H); 8.14 (m,2H). 

EXAMPLE 80 

1- (2-(4-(Methanesulfonamidophenyl)ethyl-spiro(4H-1,3-benzodithiin-2,4 , -piperidine) hydrochloride 

The nitrophenyi piperidine (75 mg) from Example 79 Step B was dissolved in 50% aqueous acetic acid 
and treated dropwise with 15% TiCI 3 in 20-30% aqueous HCI until the reaction was complete by TLC. 

The mixture was diluted with water and extracted with CH 2 CI 2 , the aqueous phase was basified to pH 10 
with 40% aqueous NaOH and extracted with CH 2 CI 2 . The organic extracts from the base were dried (Na 2 S0 4 ) 
and concentrated to yield 40 mgs of crude anffine. The product was dissolved in 1 mL of CH 2 Cl2, cooled to -1 0°C, 
and treated with 0.070 mLof triethylamine. Methanesulfonyl chloride was added (0.03 mL) and the mixture held 
below 0°C for 1 hr. Water (1 mL), 40% aqueous NaOH (10 drops) and methanol (10 mL) were added and the 
reaction was allowed to reach 25°C and then concentrated to remove methanol and CH 2 CI 2 . The pH was adjus- 
ted to -6.0 and extracted with CH 2 CI 2 . The organic portion was concentrated to an oil, dissolved in ethanol/ethyl 
acetate (1 /1 ) and treated with anhydrous 2 M HCI in isopropanol. Concentration of the solvents and trituration 
with ethyl acetate gave 50 mgs of a solid hydrochloride salt 

'H NMR (DMSO d 6 ) S : 2.30 (m, 4H) ; 3.00 (s, 3H) 3.10 (m, 2H) ; 3.35 (m. 6H) ; 3.95 (s, 1H) ; 4.05 (s. 1H); 
7.15 -7.50 (m,8H); 9.72 (s,1H). 

EXAMPLE 81 

6-Nitro-1'-(2-(2-pyridyl)ethyl)-spiro[4H-3,1-Benzoxathiin-2,4 , -piperidine] 

2- Mercapto-5-nitrobenzyl alcohol (150 mg, 0.81 mmol) and 208 mg (0.80 mm) of N-[2-(2'-pyridyl 
ethyl]-4-piperidone was dissolved in 5 mLof CHCI 3 . HCI Gas was bubbled in to saturate the solution, the mixture 
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stirred at 25°C for 2 days, then diluted with water and the pH adjusted to 1 0.0 with 40% aqueous NaOH. Ext- 
raction with CHCI 3 and drying the organic phase (Na 2 S0 4 ) gave after concentration and recrystallization from 
ethyl acetate 75 mg of an orange solid. 

'H NMR (CDCI 3 ) 8 : 2.15 (m, 4H) ; 2.70 (m, 4H) ; 2.83 (dd. 2H) ; 3.01 (dd, 2H) ; 4.95 (s, 2H) ; 7.1 5 (dd, 1 H); 
7.20 (m, 2H) ; 7.62 (dt 1H) ; 7.95 (d, 1H) ; 8.03 (dd, 1H) ; 8.54 (d, 1H). 

EXAMPLE 82 

1 , -(2-(4-Nitrophenyl)ethyl)-spiro[3H-4-oxo-1 ,3-Benzoxazine-2,4'- piperidine] 

Salicylamide (250 mg. 1.82 mmoO and 1-(2-[4-nitrophenyl]ethyl-4-piperidone (238 mg, 0.96 mmol) in 13 
mL of CHCI3 was stirred while 400 mgs of p-toluene-sulfonic acid monohydrate was added. The mixture was 
refluxed for 12 hours through a Soxhlet apparatus containing anhydrous MgSO* to remove H 2 0 formed. The 
mixture was concentrated to dryness and dissolved with 10% aqueous NaOH and ethyl acetate. The aqueous 
phase was separated and extracted with ethyl acetate. The combined organic portions were washed with brine, 
dried (Na^O*) and concentrated to a yellow solid to give 280 mg and converted to the hydrochloride salt with 
2N HCI in isopropanol. The solid was triturated with ethyl acetate/ether and dried in vacuo . 

'H NMR (DMSO d e ) 8 : 2.25 (m, 4H) ; 3.10-3.60 (m, 8H) ; 7.10 (d, 1H) ; 7.18 (t, 1H) ; 7.60 (m, 3H) ; 7.79 
(d, 1H) ; 8.22 (d, 2H) ; 9.04 (s, 1H) ; 10.52 (bs, 1H). 

EXAMPLE 83 

6-Methanesulfonamido-1'-[(2-(benzofurazan-^ 
dine]-4-one 

A solution of 500 mg (1.44 mmole) of 6-methanesulfonamido-3,4^ihydrospiro-2H-benzopyran-2,3'-piperi- 
dine-4-one hydrochloride in 10 mL acetonitrile was treated with 400 mg (1.7 mmoles) of 5-(2-bromoethyl)ben- 
zofurazan, 190 mg (1.44 mmole) of lithium iodide and 250 mg (3 mmoles) of sodium bicarbonate. The mixture 
was heated to reflux for 48 hrs, cooled to room temperature and poured into 50 mL H 2 0. The mixture was acidi- 
fied to pH 1 and extracted with 2 x 50 mL portions of ethyl acetate which were discarded. The aqueous phase 
was basified to pH 8-9 and extracted with ethyl acetate. The organic layers were dried over magnesium sulfate, 
filtered and concentrated in vacuo. The crude material was chromatographed on silica gel eluting with 5% 
methanol/chloroform to give 188 mg product. This material was dissolved In ethanol and treated with excess 
ethanolic HCI. The solid was collected and dried in vacuo to give 108 mg of the product with m.p. 255-257°C. 
Elemental analysis for C^H^OsS-HCMMHzO 

N C H 

Calc'd 11-26 53.11 5.16 

Found 11.12 53.20 5.13 

EXAMPLE 84 

6-Methanesulfonamido-1'-(2-(4-methanesulfonamidophenyl)ethyl-3,4-dihydrospiro-[(2H)-1-benzopyran- 
2,3 , -piperidine]-4-one oxalate 

The title compound was prepared following the procedure substantially as described in Example 83 but 
using 4-methanesulfonamidophenylethyl mesylate. The product has mp. 195-199°C. 
Elemental analysis for CzaHzgNsOeSj sC2H 2 CvH 2 0 

N C H 

Calc'd 7.49 51.42 5.57 

Found 7.52 51.32 5.23 

EXAMPLE 85 

1 '-(2-(4-Methanesulfonamidophenyloxy)ethyl)-2,3-dihydro-5-methanesulfonamido spiro (benzofuran-2,3'- 
piperidine oxalate 
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A solution of 300 mg (0.94 mmoles) 2,3-dihydro-5-jnethanesulfonamido-spira(benzofuran-2,3'-piperidine 
hydrochloride in 20 mL acetonitrile was treated with 304 mg (1.035 mmole) of 2-(4-methanesulfonami- 
dophenoxy)ethyl bromide, 170 mg (2 mmole) of sodium bicarbonate and 134 mg (1 mmole) of lithium iodide. 
The mixture was heated to reflux for 24 hr. The reaction was cooled to room temperature, and poured into 50 
mL of 1 N HCi. The aqueous phase was extracted once with ethyl acetate which was basified to pH 9 and ext- 
racted repeatedly with ethyl acetate. The organics were combing Hri e H over mag^ssiirr. sulfsis ; filtered sr.d 
concentrated in vacuo to give 220 mg. The crude material was dissolved in acetone and treated with 50 mg 
oxalic acid. The solid was collected to give 168 mg of product with mp 125-130°C. 
Elemental analysis for C^ N 3 O e S2 - C^O^O C 3 H 6 0 



EXAMPLE 86 

1-(Benzofura2an-5-methyl)spiro[piperidine-4,6'-(6H)thieno[2,3-b]thiopvran-4'(5'H)on e1 
Step A : Preparation of 5-Methanesulfonyloxymethyl) benzofurazan ~ 
5-Benzofurazanmethanol (0.6 g, 4 mmol) and triethylamine (0.84 mmol, 0.61 g, 6 mmol) were dissolved 
in dichloromethane (20 ml) and cooled to -20°C. Methanesulfonyl chloride (0.37 ml. 0.55 g, 4.8 mmol) was 
added dropwise and the mixture was stirred at-20°C for 20 min., diluted with dichloromethane (30 ml) washed 
with water (30 ml), dried (Na 2 S0 4 ), and evaporated under reduced pressure to give the benzofurazan as a white 
solid (0.91 g, 99%). 'H NMR (CDCI 3 ) 6 7.95 (1H, d. j 9.2 Hz), 7.93 (1H, s), 7.46(1H, d, J 9.2 Hz). 5.35 (2H s) 
3.14 (3H,s). 

ste P B: Preparation of HBenzofurazan-5-methyl)spiro[piperidine-4,6'- (6Hnhienof2.3-b1thioDvran. 
4'(5'H)-one] : ~ £ 

5-(Methanesulfonyloxymethyl)benzofurazan (137 mg, 0.6 mmol) and diisopropylethylamine (0.52 ml, 0.39 
g, 3 mmol) were dissolved in DMF (2 ml) and spiro(piperidine-4,6'-(6H)thieno[2,3-b]thiopyran)4'-(5'H).one hyd- 
rochloride^ mg, 0.9 mmol) was added. The mixture was stirred at room temperature for 2 h and then the 
solvent was evaporated under reduced pressure. Aqueous sodium bicarbonate (saturated, 10 ml) was added 
and the mixture was extracted with dichloromethane (3 x 10 ml). The combined organic fractions were dried 
(Na 2 S0 4 ) and evaporated under reduced pressure to give a yellow oil. The oil was purified by flash column 
chromatography on silica gel. eluBng with ethyl acetate/40% hexane to give an off white solid (1 92 mg, 86%). 
The compound was crystallized from ethyl acetate/hexane to give the thiopyranone, m p 142-143°C 
'H NMR (CDCI3) 8 7.81 (1H, d. J = 9.3 Hz), 7.71 (1H, s), 7.50 (1H, d, J 9.3 Hz), 7.46 (1H, d, J 5.4 Hz), 706 (1H 
d, J 5.4 Hz), 3.64 (2H, s), 2.88 (2H, s), 2.70, 2.54, 2.10, 1.90 (Each 2H, m). 
Elemental analysis for C 18 H 17 N 3 0 2 S 2 : 
Calculated ; C 58.20 ; H 4.61 ; N 11.31. 
Found ; C 58.42 ; H 4.53 ; N 11.35. 

EXAMPLE 87 

HBenzofurazan-5-methyl)spiro(4H-1.3-benzodithiin-2,4'piperidine) 

5-(Methanesulfonyioxymethyl)benzofurazan (91 mg, 0.4 mmol) in DMF (0.5 ml) was added dropwise to a 
stirred solution of spiro (4H-1,3-benzodithiin-2,4'-piperidine) (142 mg, 0.6 mmol) prepared as in Example 79 
Step A and diisopropylethylamine (0.35 ml, 0.26 g, 2 mmol) in DMF (1 ml). The mixture was stirred at room 
temperature for 1 h. then the solvent was evaporated under reduced pressure. The residue was purified by 
flash column chromatography on silica gel, eluting with hexane/40% EtOAc and the product was crystallized 
from ethyl acetate/Hexane to give the benzodithiin as microcrystals (64 mg, 43%), m.p 82-83°C 
'H NMR (CDCI 3 ) 8 7.77 (1H. d. J = 9.3 Hz), 7.69 (1H, s), 7.48 (1H, d, J = 9.3 Hz), 7.38-7.21 (4H m), 3.83 (2H 
s), 3.59 (2H. s). 2.73-2.66 (2H, m), 2.57-2.50 (2H, m), and 2.10-2.04 (4H, m). 
Elemental analysis for C 19 H 19 N 3 OS 2 : 
Calculated ; C 61.76; H 5.18 ; N 11.37. 
Found ; C 61.64 ; H 5.14 ; N 11.36. 



Calc'd 
Found 



6.S4 
6.52 



C 

48.40 
48.63 



5.73 
5.50 



I 
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3,4-Dihydro-1 '-(benzofurazan-5HTiethyl)spiro[2H-1 -benzogyran-2,4'-piperidinel-4-one : 
In the same way, 5-(methanesulfonyloxymethyl) benzofurazan (91 mg, 0.4 mmol), 3,4-dihydrospiro[2H-1- 
benzopyran-2,4'-piperidineH-one (130 mg, 0.6 mmol) and diisopropylethylamine (0.35 ml, 0.26 g, 2 mmol) in 
DMF (1.5 ml) gave, after purification by flash column chromatography on silica gel eluting with EtOAc/40% 
hexane and crystallization from EtOAc/hexane, the benzopyranone as rods (70 mg, 50%), m.p. 126-127°C. 

'H NMR (CDCL) S 7.88 (1H. rid. J = 8.0. 1.7 Hz). 7.78 (1H : A. .1 9.3 H^V 7.70 (1R s). 7 S (9H m) 7.(1 (?U m), 
3.32 (2ri, a), 2.74 (2ri, a), 2.S (4ri, iTi), 2.1 (2ri, in) 1.S (2ri, mi). 

Elemental analysis for C2oH 19 N 3 0 3 -0.33H20 : 
Calculated ; C 67.59 ; H 5.58 ; N 1 1 .82. 
Found ; C 67.45 ; H 5.40 ; N 11.82. 




EXAMPLE 89 



3,4-Dihydro-1 '-(benzofurazan-5-yl)ethyl]spiro[2H-1 -benzopyran-2,4'-pipfsridineH-one : 
Step A : Preparation of 5-(2-Hydroxyethyl)benzofuroxan 

4- (2-Acetoxyethyl)-2-nitroacetanilide (4.16 g, 15.6 mmol) was dissolved in methanol (25 ml) and methanolic 
potassium hydroxide (20% 25 ml) was added dropwise. The mixture was stirred at room temperature for 40 
min., then cooled in ice. Aqueous sodium hypochlorite (Ca. 5%, 50 ml) was added dropwise over 30 min., with 
vigorous stirring. Water (50 ml) was added and the mixture was extracted wish dichloromethane (3 x 100 ml). 
The combined organic fractions were dried (Na 2 S0 4 ) and evaporated under reduced pressure to give the ben- 
zofuroxan as a yellow oil (2.76 g, 98%). 

'H NMR (CDCI 3 ) 8 7.6-6.1 (3H, br m), 3.95 (2H, t, J = 6.2 Hz), 2.91 (2H, t J » 6.2 Hz). 2. 1 (1 H br s). 
Step B : Preparation of 5-(2-Hydroxyethyl)benzofurazan 

5- (2-Hydroxyethyl)benzofuroxan (2.23 g, 12. 4 mmol) was dissolved in methanol (25 ml) and trimethylphos- 
phite (4.38 ml, 4.60 g, 37.1 mmol) was added. The mixture was heated under reflux for 3h., cooled and the 
solvent was evaporated under reduced pressure. The residue was purified by flash column chromatography 
on silica gel eluting with Et 2 0 to give the benzofurazan as a yellow oil (1.52 y, 75%). 

1H NMR (CDCI 3 ) 8 7.78 (1H. d, J = 9.2 Hz). 7.65 (1H, s) 7.34 (1H. d. J 9.2 Hz). 3.98 (2H, t J = 6.3 Hz), 2.98 
(2H, t J = 6.3 Hz), 1 .9 (1 H. br s). 

Step C : Preparation of 5-[2-(Methanesulfonyloxy)ethyl]benzofurazan 

5-(2-Hydroxyethyl)benzofurazan (1.48 g, 9 mmol) was dissolved in dichloromethane (45 ml) and 
triethylamine (1.88 ml, 1.37 g, 135 mmol) was added. The mixture was coolsd to -30°C and methanesulfonyl 
chloride (0.84 ml, 1 .24 g, 1 0.8 mmol) was added dropwise over 5 min. The mixture was stirred at -30°C for 1 5 
min. and dichloromethane (100 ml) was added. The mixture was washed with water (100 ml), dried (Na 2 S0 4 ) 
and evaporated under reduced pressure to give the benzofurazan as a yellow solid (2.10 g, 96%). 
1 H NMR (CDCI 3 ) 8 7.83 (1H, d, J = 9.5 Hz), 7.70 (1H, s), 7.32 (1H, d, J - 9.5 Hz), 4.53 (2H, t, J = 6.4 Hz) 3.19 
(2H, t J = 6.4 Hz), 2.99 (3H, s). 

StepD : Preparation of 3,4-Dihydro-142-benzofurazan-5-yl)ethyl]spiro[2 f -i-1-benzopyran-2,4'-piperidine]- 
4-one : 

5-[2-(Methanesulfonyloxy)ethyl]benzofurazan(169 mg, 07 mmol) in DMF (1 ml) was added to a stirred mixt- 
ure of 3,4-dihydrospiro[(2H)-1-benzopyran-2,4'-piperidineH-one (266 mg, 1.05 mmol) and diisop- 
ropylethylamine (0.61 ml, 0.45 g, 3.5 mmol) in DMF (1 ml). The mixture was stirred at room temperature for 28 
h, then at 50°C for 1 hr. The solvent was evaporated under reduced pressure and the residue was purified by 
flash column chromatography on silica gel, eluting with CH 2 Cl2/MeOH/NH 3 (Aq.) (96 : 4 : 0.4). The appropriate 
fractions were combined and concentrated to dryness and the residue was recrystallized from ethyl acelate- 
/hexane to give the benzopyranone as pale yellow microcrystals (20 mg, 8%), m.p. 1 17-1 19°C. 
iH NMR (CDCI 3 ) 8 7.86 (1H, dd, J 8.2, 2.7 Hz) 7.76 (1H, d, J 9.3 Hz), 7.61 (1H, br s), 7.50 (1H, dt, Jt 7.8, Jd 
1.7 Hz), 7.30 (1H, dd, J 9.3. 1.2 Hz). 7.0 (2H, m), 2.92 (2H. t, J 7.5 Hz), 2.73 (6H m), 2.54 (2H, m) 2.09 (2H, 
m), 1.79 (2H, m). 

Elementary analysis for C 21 H 21 N 3 O 3 0.1H 2 O : 
Calculated ; C 69.06 ; H 5.85 ; N 11.50. 
Found ; C 68.97 ; H 5.90 ; N 11.16. 

EXAMPLE 90 

H2-(Benzofurazan-5-yl)ethyl]spiro[(5 , H)piperidine^,-6H6H)mienoI2,3-b]thiopyran-4'(5'H)-one] hyd- 
rochloride 

Spiro(piperidine-4,6'-(6H)thieno[2,3-b]thiopyran)-4'(5' H)-one](230 mg, 0.82 mmol), 5-[2-(methanesul- 
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fonyloxy)ethyi]ben Z ofurazan (100 mg, 0.41 mmol) and sodium bicarbonate (72 mo 0 8S mmoll in DMF « m n 

tiementary analysis for C 19 H 21 N 3 0 2 S2-HCI 
Calculated ; C 54.07 ; H 4.79 ; N 9.96. 
Found C 53.96 ; H 4.66 ; N 9.87. 

EXAMPLE 91 

2,3-Dihydrospiro(benzoftjran-2,4'-piperidine)(hydrochlonde 50 mo n?i mm jl\ 7„ »u 

were st,rred together under reflux overnight The solvent was evaporated mdw^^^ISS^ 
due was dissolved in dichloromethane, washed with water, dried (Na 2 S0 4 ) and IZpSd^nSS 
, pressure The residue was purified by flash colunrn chromatography on ^^S^JS^SSSl 

Elementary analysis for C2oH 21 N 3 0 2 .HCI 
Calculated ; C 63.82 ; H 6.04 ; N 11.17. 
Found C 64.06 ; H 6.10 ; N 11^3. 

C EXAMPLE 92 

Step A : Preparation of 5-(2-Bromoethoxv)benzofurazan : 

Sodium hydroxide (40 mg, 1 mmol) was added to a solution of 5-hydroxybenzofurazan f136 mo 1 nL* 
m ethane (2 ml) and the mixture wasstirred at room temperature for30min. U^bmSinS IS 
>3™°<)vrasaddedandthembc^^ 

u^der ^?^ metha ^! (3 X 10 ^ The C ° mbined fractions were d ™ d <N*W and evaTo ateo 

benz^^l^^ 

5-(2-Bromoethoxy)ben Z ofurazan (87 mg, 0.36 mmol), 3,4-Dihydro-6-methanesulfonamidosDirorf2m 1 
benzo P yran-2,4-ppend^ 

and P otass,um .od.de (30 mg. 0.18 mmol) in acetonitrfle (4 ml) were heated under refluxfo 24 hr codeS 

The ^^32^"r'? T WSre drfed (Na2S ° 4) and evaporated under »*«d pressure. 
3 0 7 ta miT! f Y S i t 0,Um " Chromato 9 ra P h y « silica gel, eluting with CH 2 CI 2 /MeOH/NH 3 (97 • 
L i t 9 ? l< r fam Which was disso,ved in El °Ac (2 mO. Ethanolic HQ (Ca. 1M. 2 ml) was added" 

Elementary analysis for CzzH^OeS-HCI-O^SHaO 
Calculated : C 51.46 ; H 5.01 ; N 10.91. 
Found C 51 .45 ; H 5.05 ; N 10.61. 

EXAMPLE 93 

H2-(4.Nitrophenyl)eth^^^ 

52 




EP 0 431 943 A2 




2-Aminobenzamide (272 mg, 2 mmol) and 1-I2-(4-nrtrophenyl)ethy)]-4-piperidone (0.51 g, 2.05 mmol) in 
trifluoroacetic acid (10 ml) were heated under reflux for 8 hr, cooled and the solvent was evaporated under 
reduced pressure. Dichloromethane (30 ml) and sodium hydroxide (2M, 30 ml) were added and the layers were 
separated. The aqueous layer was extracted with dichloromethane (2 * 30 ml) and the combined organic frac- 
5 tions were dried (Na 2 S0 4 ) and evaporated under reduced pressure. The residue was purified by flash column 

ohromotrviranhy nn cilira no\ oUjftnn with nH.rj./MonW/NH. (An) (95 • 5 • 0 5) tn njve a nalo yollnw criliH u'hich 

was dissoived in TnF (50 mi) and ireaied wiiii einanuiic KCi (Ca. 1 fvi, 1 G mi). The soiveni was evaporated under 
reduced pressure and the solid was triturated with ethanol to give the hydrochloride as a pale yellow solid (0.43 
g, 53%), m.p. 285-290°C. 



10 1H NMR (CDCI 3 ) 5 10.95 10.35 (Each 0.5H, brs). 8.36 (1H br s), 8.23 (2H, d, J 8.6 Hz), 7.62 (1H, m), 7.60 (2H, 
d, J 8.6 Hz) 7.28 (1 .5H, m), 7.08 (0.5H. br s) 6.96. 6.78 (Each 0.5H, d, J 8.1 Hz), 6.70 (1 H, m), 3.6-3.2 (8H, m), 
2.1 (4H, m). 

Elementary analysis for C20H22N4O3HCI 
Calculated : C 59.62 ; H 5.75 ; N 13.91. 
15 Found C 59.23 ;H 5.51 ;N 13.79. 



S^-Dihydro-l'-P^benzofurazan-S-yljethyll-e-methanesulfonamido spiro[(2H)-1 -benzopyra n-2,4'-piperi- 
20 dine]-4-one hydrochloride 

Step A : Preparation of 5-(2-Bromoethyl) benzofurazan. 

A solution of 5-(2-hydroxyethyl)benzofurazan (1.0 g, 6.1 nmol) and carbon tetrabromide (2.6 g, 7.9 nmol)in 
methylene chloride (10 ml) was cooled to 0°C. A solution of triphenyl phosphine (1.9 g, 7.3 nmol) in methylene 
chloride (10 ml) was added dropwise and the reaction was stirred for 5 min. Solvent evaporation and flash 
25 chromatography (silica gel, ethyl acetatehexane, 5/95) gave 5-(2 bromoethyl)benzofurazan (1.2 g, 86%) ; 'H 
NMR (CDCI 3 ) 6 : 3.32 (t, 2H), 3.69 (t, 2H 7.32 (d, 1 H), 7.69 (s, 1H), 7.84 (d, 1 H). 

Step B : Preparation of 3 t 4-Dihydro-1'-[2-(benzofurazan-5-yl)ethyl]-6-methanesulfonamidospiro[(2H)-1- 
benzopyran-2,4'-piperidineH^ne hydrochloride 

A suspension of 5-(2-bromoethyl)benzofurazan (0.39 g, 1.72 mmol), 3,4-dihydro-6-methanesulfonamido 
30 spiro[(2H)-1-benzopyran-2,4'-piperidine]-4-one hydrochloride (0.24 g, 0.69 mmol) and sodium bicarbonate 
(0.21 g, 2.55 mmol) in ethanol (13.2 ml) was heated at reflux temperature for 24 hr. Solvent evaporation and 
chromatography (silica gel, chloroform-methanol-ammonium hydroxide, 97/3/0.3) gave an oil ; conversion to 
the hydrochloride gave the hydrochloride (0.14 g, 417) ; mp > 250°C.Anal. Calcd for C^HjMOyHCI 
C. 53.59 ;H, 5.12, N, 11.37. 
35 Found : C, 53.55 ;H, 5.15 ; N. 11.12. 

Employing the procedure substantially as described in Example 94, Step B but substituting for the 3,4- 
dihydro-6-methanesulfonamidospiro[(2H)-1-benzopyran-2,4'-piperidine]-4-one used therein, the starting mate- 
rials shown in Table III. there are produced the N-substituted spiro-piperidines also described in Table III. 
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% 



TABU £11 

5 




(1) Cataylic arrount of LAI added to react ion inlacure 



40 EXAMPLE 98 

3,4-Dihydfo-6-acetamido-1M4-nitroben2yl)spiro[(2H)-1-ben2opyran-2,4 , -piperidinel-4-one hydrochloride 
A solution of 4-nitrobenzyl bromide (0.73 g, 3.4 mmol), 3,4-dihydro-6-acetamido spiro[(2H)-benzopyran- 
2,4'-piperidine]-4-one (0.94 g, 3.4 mmol) and diisopropylethylamine (0.61 ml. 3.5 mmol) in dimethylformamide 
45 (1 5 ml) was stirred at room temperature for 3 hr. The reaction mixture was then concentrated under reduced 
pressure. The residue was diluted with methylene chloride and washed with saturated sodium bicarbonate sol- 
ution, water and brine. Drying and solvent evaporation gave an oil ; flash chromatography (silica gel, metha- 
rtol-chloroform 2/98) gave 3,4-dihydro-6-acetamido-1'-(4-nitrobenzyl) 

spiro[(2HM-benzopyran-2,4'-piperidinel-4- one (0.83 g, 59%) ; 75 mg converted to hydrochloride ; mp > 250°C 
so Anal. Calcd for C^HaNA-Ha-l H 2 0 : C, 58.08, H, 5.55 ; N, 9.24 Found : C, 57.88 ; H, 5.33 ; N, 9.1 8. 

EXAMPLE 99 

3,4-Dihydro-6-metrBnesulfonamido-1M4^eth^^ 
55 piperidine]4-one ~~~ ' ~~ 

StepA: Preparation of 3,4-Dihydro-S-acetamido-1'-{4-aminobenzyl)spiro[(2H)-1-benzopyran-2,4'-piper i- 
dine] ' " 

To a solution of 3,4^ihydro-6-acetamidc^1'-(4-nitrobenz^ 
54 



(0.58 g, 1.4 mmol) in acetic acid (6.4 ml) was added titanium (III) chloride (15% wt in 20-30% wt. hydrochloric 
acid, 7 ml) dropwise. The reaction mixture was stirred at room temperature for 1 hr, cooled to O'C and basified 
with saturated sodium bicarbonate and 20% sodium hydroxide solutions. Extraction with ethyl acetate, drying 
and solventevaporation gave an oil (0.42 g). Chromatography (silica gel. chloroform-methanolammonium hyd- 
roxide. 95/2/0.5) gave 3,4-dihydrc^-a<»tamid(>-1'-(4-arninobenzyl)spiro[(2H)-1-benzopyran.2, 4'-piperidinel- 
4-one (136 mo. 26%^ : 



. . ......v V w~w, 3 , u ... , v ,„, ^n), (m, ^n}, z.i» (s, aH), 2.42 (t, 2H), 2.62 (m. 2H), 2.69 is, 2H), 3.45 (s 

2H), 6.66 (d, 2H, J = 8.3 Hz), 6.98 (d, 1H, J = 8.8 Hz), 7.10 (d, 2H, J = 8.3 Hz).7.63 «d, 1H, J = 2 7 Hz) 7 93 
(dt,1H.J = 8.8Hz.J = 2.8Hz). 

StepB : Preparation of 3,4-Dihydro-6-amino-1'-(4-aminobenzyl)spiror(2H)-1-benzopyran-2 .4'-piperidina1- 
ne ~~ — 



4-one 



A solution of 3,4-dihydro-6-acetamido-1'-(4-aminobenzyl)spiro[(2H)-1-benzopyran-2,4'-piperidine](136 
mg, 0.36 mmol) and hydrochloric acid (6N solution, 13. 6 ml) in methanol (1 3.6 ml) was heated at reflux tem- 
perature for 1 hr. The reaction mixture was cooled to 0°C and basified with 20% sodium hydroxide solution 
Extraction with methylene chloride, drying and solventevaporation gave ,4-dihydro^-amino-1'-(4-arninoben- 
zyl)spiro[(2HH-benzopyran-2,4'-piperidineH-one (107 mg, 88%) ; 

'H NMR (CDCI 3 ) d 1.73 (m, 2H), 2.01 (m, 2H). Z40 (m, 2H), 2.60 (m, 2H), 2.66 (s. 2H), 3.42 (s 2H) 3 52 (bs 
2H), 3.63 (bs, 2H.) 6.65 (d. 2H. J = 8.4 Hz), 6.86 (m, 2H f ), 7.09 (d. 2H. J = 8.3 Hz), 7.13 (d, 1H. J = 2.7 Hz] ' 
StepC : Preparation of 3.4-Dihydro-6-met hanesulfonamido-V-(4-methanesul fonamidobenzvlknim r/ 2 hv 

1-benzopyran-2.4'-piperidineH-one " — u — - 

S °i U i« n ° f 3 ' 4 - dih y dro - 6 - amino - 1 '-<4-aminobenzyl) spiro [(2H)-1-benzopyran-2.4'-piperidine]-4-one 
(1 07 mg, 0.32 mmol) and methanesulfonyl chloride (78 ml, 1 .0 mmol) in pyridine (3 ml) was stirred at room tem- 
perature for 3h. Solvent evaporation gave a foam ; flash chromatography (silica gel. chloroform-methanol-arn- 
J™™ e h y droxk,e - 96/4/0 - 4 ) and trituration • with ethanol gave 
3,4-dihydro-6-methanesuifonamido-1'-(4^ethanesulfonamidobenzyl) spiro [(2H)-1-benzopyran-2 4'-Di D eri- 
dine-4-one (32 mg, 20%) ;mp 209-21 0°C 

•h I NMR (DMSO) 8 1.70 (m. 2H). 1.88 (m, 2H). 2.34 (t, 2H), 2.55 (m, 2H), 2.81 (s, 2H). 2.94 (s. 2H), 2.98 (s 
3H),3.46(s,2H,)7.06(d.1H.J = 8.8Hz),7.16(d.2H.J = 8.3Hz),7.27(d,2H,J = 8.5Hz) 743(dd 1H J = 
8.8Hz.J=2.7Hz),7.57(d,1H,J = 2.7Hz),9.63(s,1H),9.69(s.1H). ' ' 

Anal. Calcd. for C^HzyNaOeSz : 
C, 53.52 ;H, 5.52, N, 8.51. 
Found : C, 53.25, H, 5.50, N, 8.41. 

EXAMPLE 100 

. 3 ' 4 ' Dih y dro -^ methanesulf Q"^ 

benzoran-2.4'-piperidinel ' t — 14 — — 

zop ^^;^^° n ° f 6 - Acet ^'do-3.4- dihydro-r(5-nitrob e nzofuryl-2-memvn^xospro 

0.83 g (6.0 mmoles) potassium carbonate, 0.61 g (4.1 mmoles) sodium iodide, and 1.05 g (4 1 mmoles) 2-bn> 
moethyl-5-nitro-benzofuran (European patent Application no. 88300962.3. 5-2-88) in 75 ml acetonitrile was 
heated at reflux for 7 hours. The solvent was removed in vacuo and the residue was partitoned between 75 ml 
methylene chloride and 15 ml dilute sodium bicarbonate solution. The layers were separated and the aqueous 
layer was extracted with 75 ml methylene chloride. The combined extracts were washed with 15 ml water and 
brine, dried, and the CH^fe was removed in vacuo to give 2.08 g crude product. The compound was purified 
by flash chromatography on silica gel eluting with 2.5 : 97.5 methanol : chloroform to give 1.12 g (69%) of pro- 
duct as a solid foam, m.p. 99-1 04 e C. 3 v ; p 
1H NMR (CDCI 3 ) : 8 1.81 (m, 2H). 2.08 (d, 2H). 2.17 (s, 3H), 2.56 (m, 2H). 2.70 (s. 2H). 2.72 (m 2H) 3 76 (s 

8.47 WJH)^ 

2op ^^ : p ^eparat?on of 6^aTOtamido-1M5^minobenzonjrvl-2-methyl)-dihvdro^oxospiror(2H)-1-ben- 

To a solution of 1.08 g (2.4 mmoles) of the compound from Step A in 10 ml acetic acid was added 7 7 ml 
(8.8 mmoles) of 15% titanium (HO chloride solution in 20-30%. aqueous hydrochloride acid dropwise in portions 
over 1 hour. The reaction mixture was made basic (pH 1 0) with saturated sodium bicarbonate solution and 1 0 
sod,um "ydroxide solution diluted in 300 ml water, and extracted with 3 x 300 ml ethyl acetate The combined 
extracts were washed with 60 ml water and brine, dried and the solvent was removed in vacuo to give 0 99 g 
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(98%) product 



'H NMR (deuteriochloroform) : 8 1.65 (broad s, 2H, MH^, 1.80 (m, 2H), 2.04 (d, 2H), 2.16 (s, 3H), 2.51 (m 2H) 
7.62 (d, m), 7.92 (d o^lH) 66 % ^ ^ ^ "* (d ° f * ^ ^ ^ 1H) ' ^ <* 1! * 7M (d '' 1H) ' 
5 Step_2: Preparation of 6-Amino-r-(5-aminobenzofuiy|.2-methyl)^,4Kjih vdrc-^xosDir Q r^H>.1-hPn. 

wpy i oir^it -yipeiiuiiieiirinya rochioride ~ 

A solution of 1.01 g (2.4 mmoles)of the compound from Step B in 30 ml ethanol and 10 ml (30 mmoles) 
of 3N hydrochloric acid was heated at reflux for 6 hours. The solution was cooled and the solvent was removed 
n ™ e res.due was stirred under 20 ml ethanol to give a solid which was filtered off and dried to give 
10 0.90 g (77%) product, mp 277-279°C. 9 
'H NMR (DMSO-d 6 ) : 8 2.18 (m. 4H), 2.92 (m. 2H), 3.35 (m, 6H), 3.68 (m, 2H), 4.69 (s 2H), 7 18 (d 2H) 7 34 
(s, 1H). 7.40 (d of d. 1H), 7.58 (d of d, 1H), 7.67 (d, 1H), 7.75 (d, 1H), 7.77 (S.1H) 10.4 (broad s. 3m ' 
ftgpD : Preparation of 3.4-Dih vdro-6-methanesulfonamido-1'-(5-methanesulfonam idobenzofurvl-2-m e - 

thyU^xospiro^HVI-benzopvran^^'-piperidSneT " 1 

15 To a solution of 0.24 g (0.50 mmole) of the compound from Step C and 0.21 ml (1.5 mmoles) triethylamine 
in 2 ml pyridine was added 0.081 ml (1.05 mmoles) methanesulfonyl chloride. The resulting red mixture was 
starred 5 hours. The solvent was removed in vacuo and the residue was partitioned between 5 ml saturated 
sodium bicarbonate solution and 15 ml ethyl acetate. The layers were separated and the aqueous layer was 
exacted with 2 x 15 ml ethyl acetate. The combined extracts were washed with 3 ml water and brine, dried 
20 and the solvent was removed in vacuo to give 028 g (97%) crude product which was purified by flash 
chromatography on silica gel eluting with 5 : 95 methanol : ch.orofcrm (saturated with ammonia) togive 0.167 
g (63%) of product as a foam. 

To a solution of 0.167 g (0.313 mmole) of product in 3 ml ethanol was added o.OSS ml (0.34 mmole) 5.9N 
hydrogen ch or.de n ethanol. The mixture was stirred 1 hour and the resulting yellow precipitate was filtered 
25 off to grve 0.114 g (64%) hydrochloride salt, mp 199-202 o C. 
Anal Calcd for C24H27N3O7S2.Ha-O.3O C2H5OHO.65 H,0 : 
C, 49.60 ; H, 526 ; N, 7.06. 
Found C, 49.63 ; H, 5.25 ; N, 7.04. 

30 EXAMPLE 101 

1,4-Dihydro-1H(6Hnethanes 
zopyran-3,4'-piperidine1dihvdrochloride " ~ 

To a solution of 100 mg (0.3 mmole) 1.4 dihydro-7.methanesulfonamido- S piro-[(3H)-2-benzopyran-3 4 • - 
35 p. P endme]hydrochloride and 122 mg (0.45 mmole) 2<hloromemyW-methanesulfonamidoquinolirin 10 ml 
acetonitnle was added 76 mg (0.90 mmole) sodium bicarbonate. The mixture was heated at reflux under nit- 
rogen for 19 hours. The reaction mixture was concentrated in vacuo to dryness. The residue was treated with 
Lirso/^tH 10 ' 7M era , nd «; e ^ d ^P roductwasf "teredoff. The crude product was chromatographed (silica 
gel), 5 /. methanolchloroform). The free base was converted to the dihydrochloride salt by the addition of 
ethano ,c Mrogen chloride solution and recrystallization from ethanol-methanol-ether to give the title com- 
pound (80 mg 442%), m.p. 207°C. 
Analysis Calculated for CzsHaoN^OsS^HCI : 
C, 49.75 ; H, 5.34 ; N, 9.28. 
Found : C, 49.44 ; H, 5.29 ; N, 9.22. 
45 Employing the procedure substantially as described in Example 101, but substituting for the 2-ben- 
zop y rans PI rop,peridine used therein, there were produced the spiropiperidines described in Table IV, and the 
quinolinylmethylspiropiperidines, also described in Table IV. 
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Employing the procedure substantially as described in Example 83 but substituting, 3,4-dihydro-6- 
methanesulfonamidospiro[(2H)-1-benzopyran-2,4'-piperidineH-one (see Example 70, Method 2, Step D) for 
the 3,4,HJihydro-6-methanesulfonamidospiro[{2H)-1-ben2opyran-2,3'-piperidineH-one used therein, and sub- 
stituting an appropriate electrophile (wherein the leaving-group is methanesulfonyl, bromo or chloro) for the 5- 
(2-bromoethyl)benzofurazan the following compounds of Tables V, VI, VII, VIII, IX, and X were prepared : 



57 



EPQ43i943A2 



TABLE V 




Example 


S 3 


Salt 


WP._C°C) 


Note 


104 


H- 


HC1 


262 (dec) 




105 


CH3SO2- 


-— 


192=193 


a 


106 


N0 2 - 


HC1«1/2H 2 0 


253-261 




107 


NH 2 - 


2BC1 


204-209 


b 


108 


CH3CONE- 


HG1°1/4H 2 0 


165-167 


c 


109 


C 2 H 5 0C0MH- 


HC1 


232-234 


d 


110 


CH3SO2NH- 




128-129 


e 


111 


CH3- 


HC1°0.75H 2 0 


277-278 




112 


r- 


HC1 


276=277 








TABLE V 






Example 


S 3 


Salt 


mp <°C) 


Note 


113 


CH3O- 


HC1»CH 3 0H 


267-269 




114 


Cl- 


HC1«0.25H 2 0 


272-274 




115 


CF3- 


HC1 


288-289 




116 


CN- 


HC1 


264-266 





117 



0 

ti 

H 2 N-C- 



HC1°1/2H20 274-276 



(a) The p-methylsulfonylphenethyl alcohol was prepared by the method of G.M. Bennett and MM. 
Hafez, J. Chem. Soc. 1941. 652 ; and the mesylate of this alcohol was prepared by the method des- 
cribed in Example 89, Step C. 

(b) Prepared from the corresponding nitro compound by the method described in Example 70, Method 2 
Step B. 

(c) Prepared from the corresponding amino compound by treatment with acetyl chloride. 

(d) Prepared from the corresponding amino compound essentially by treatment with ethyl chloroformate. 

(e) Prepared from the corresponding amino compound essentially by the method, described in Example 
70, Method 3, Step C. 

(f) Prepared from the corresponding cyano compound essentially by the method described in Example 
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TABLE VI 

5 



ch 3 so 2 : 




Example 


E3 




mp (°C) 




118 


CH 3 - 


HC1«1/2H 2 0 


265-296 


(dec) 


119 


CH 3 0- 


HC1 


298-300 


(dec) 


120 


CN- 


HC1 


292-293 


(dec) 


121 


N0 2 - 


HC1-1/4H 2 0 


275-277 




122 


Cl- 


HC1'1/2H 2 0 


285-287 


(dec) 


123 


CH3SO2NH- 


HC1 


266-268 


(dec) 



30 

TABLE V3J 

35 



O 



CH 3 S0 2 . 




45 



so 
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TABLE VII 



Example 


& 3 


Salt. 


jap C 0 0 


Note 


124 




aci 


291-292 (dec) 


a 


125 


CH3S- 


HC1 


278=279 (dee) 


a 


126 


CH3CO- 


HC1 


264 (dec) 




127 


Br- 


HC1 


277-27S 




128 


H0CH 2 - 


HCl'C^OH 


270 




129 


CF 3 - 


HC1-Q.3H 2 0 


276 




130 


Cl- 


HC1 


269-270 




131 


H 2 NS0 2 - 


HC1°1/2H 2 0 


>300 (dec) 




132 


CH3OOC- 


HC1 


267=268 (dec) 




133 


CH 3 0-N=CH- 




132=132 


b 


134 


CH 3 - 


HC1»1/2H 2 0 


258-260 




135 


CH3O- 


HC1-1/4H 2 0 


264-266 (dec) 




136 


C6 H 5~ 


HC1 






137 


VA3 


HC1 


260=263 




138 


N0 2 - 


HC1-1/3CH0H 


262 (dec) 




139 


F- 


HC1 


270-272 (dec) 




140 


CN- 


HC1 


284-285 (dec) 




141 


H- 


HC1 


262 (dec) 




Notes : 











(a) p-Methylthio- and p-methylsulfonylphenethyl alcohols were prepared by the method of G.M. Bennett 
and M.M. Hafez, J. Chem. Soc, 1941, 652 ; and the mesylates of these alcohols were prepared by the 
method described in Example 89, Step C. 

(b) Prepared from p-cyanophenethyl alcohol by reduction of the nitrite to the aldehyde using 2.0 equiva- 
lents of diisobutyl aluminum hydride, followed by reaction with methoxylamine hydrochloride to give the 
O-methyloximino ether, followed by conversion to the mesylate as described in Example 89, Step C. 
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TABLE VIII 



O 




Example 


* 3 a 


E 3 b 


S 3 c 




mp (*C) 


142 


H 


OCH3 


OCE3 


HCl 


243 


143 


H 


F 


F 


HC1 


295-297 


144 


F 


E 


F 


HC1-0.3H 2 0 


265 


145 


H 


CI 


CI 


HCl 


269-270 


146 


H 


-0-CH 2 - 


-0- 


HCl 


>250 



(dec) 
(dec) 



61 



10 




20 



25 



Exanple 


RM 


salt 


M P. (°C) 


147 


-COfe) 4 C0 2 CHbCH 3 


•HC1 


253 


148 


-CCH^CQaCHaCHa 


•1/41^0 -HC1 


190-192 


149 


-CCH 2 ) 2 C03CI%C1% 


«HCl 


211-213 


150 


-CCH 2 ) 2 0-CH 2 CH 3 


•HC1»1 /4^0 *J /4C 2 I%OH 


134-137 


151 


-CCH 2 ) 2 OCCH 2 ) 2 OH 


•HC1«0. 5C 2 HaOH 


94-98 


152 


-CCI^) 4 OH 


•HCl'O. 5C 2 I%OH 


141. 5-144. 5 


153 


-CCH 2 ) 5 OH 


•HCl'O. 5C a HgOH 


1 72-177 


154 


-(CH 2 ) B OH 


•HC1 


175-181 


155 


-CCH 2 ) 7 OH 


•K2l»0. 2C 2 HgOH 


240-242 



•7/JET27 

45 
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• 



10 



Exanpla RK Salt HP. (°C) 



156 



-( CH 3 ) 2 -N^JD »2HC1 .H a O 



157 -CCH a ) 8 OH »HC1 232-233 

158 -CHaCBOHCflHs '0. 25IfcO 197-198 

159 -CH 2 C0C a H3 oHd'O. 25Hj,0 265 (dec) 

160 -(CHOaOCCHaJaOCBj *HC1 129-134 

161 -CHjCO-^^-OIfe »1/3 C 2 KjOH 201-202 

162 -CCH 2 ) 2 0-^^ - 160-161 

163 -CCH 2 ) 3 -^^ 223-225 

164 " CH2 X^0 'HCl-O-SHaO 148-151 

165 trans -CI^CH=CH-^^ •HC1 257-259 (dec) 

166 trans CCHfcCIfcCH-^^a -HCl'O. 75H 2 0 236-237 (dec) 

167 -CH 2 -C 6 K5(CH 2 ) 2 OH •VCl 255-260 
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TABUS IX CQKT'P 



Exanple RM 



168 
169 
170 
171 
172 
173 
174 
175 
176 



178 
179 

180 

181 

182 

183 

184 



-CCH a ) 2 SCH3 

-CCH a ) 3 CN 

-CCI« 4 CN 

-CCH a D 3 CN 

-CCKj) a CN 

-CCH^NHSOjCH, 
-CCHjJsNHSC^CHj 
-CCH^aNIEOjCHa 

-CCH 2 ) 3 CK, 
-CCHO fl CH 3 



3 alt 

"Id 
<*C1 

»HCloO. 35H a O«0. ISCgHjOH 
•Kl 

•HC1 0. 5C a *%OH 0. 25 H a O 
•HC1 



'IClsO. 25^0 

•HC1«0. 2C 2 I^OH 
»HC1»0. 2SC 2 l%OH 
•HC1 
•HCl 

°HC1 



M g. C° c ) 

22B-229 
268-269 Cdsc) 
264-265 Cdsc) 
267 (dec) 

220- 223 
260-261 dec 
205-21 5 
133-135 

186-191 
>270 

270 (dac) 
215-217 

240-241 
244-246 
235-237 

252-254 

221- 222 
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TABLE IX CQNT'P 
Exanple RM salt npf °Q 



1B5 -CHCCHa^tc^aCHg »«:± zoocaec) 
0.35 C 2 I%OH 

186 -CCH a ) 3 CHCCI%Da "HCl 258-260(dec) 

0.5 C a HjOH 

187 -CH 2 CHCCIiCI%)2 •Hd 220-262(d©c) 



1 88 -CH 2 " 



258-260Cd) 



189 -C^CH 2 -Q> -HCl 279-280 C d) 



/F\Jr -HCl 276-278(dD 

190 -CH 2 CH 2 -V_7-- y HCX 



191 -CH 2 CH 2 -^) 

1 92 -CI% 



•rmleate 1°5Cd) 
•0. 3 HjO 



^0 

-o 

1 94 -CHjCHjO-^^— NHS0 2 CH3 «HCl 



273-274C d) 



•0. 1 IPA 



195 *»«> 



.5 i^O 
•0. 35 IPA 
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TABLE I X COST'S 



Exanple BM salt npC°C) 

-CCH 2 ) 2 



"wo: 



H 



"©3 



°HC1 >285 



197 -CCH 2 )2V T ^s r ^Q «HC1 >250 



-CCH 2 ) 2 v T ^\ 1 <»HC1 >285 

0. 5 EtOH 



-CCH 2 ) 2 s_^v 270-272(dec) 
S-/ -0. 5 H 2 0 



-CCH 2 ) 2 n^v „ HC1 263- 26 5( dec) 

200 11 7 

^-S w 0- 5 H 2 0 
O 

201 -(CH 2 ) 2 -N^J^) »HC1 278-280(dec) 

O 

O 

202 -CCH 2 ) 2 -tf\jH ohcI 251-253(dec) 

203 -CCHb)is^x °HC1 265-267(dec) 

\y -0. 33 H 2 0 
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TAEIE IX CQflT'P 



ExanplQ RM salt npC°C^ 

204 \yj/ -HC1 238-241 



205 



CCH^^^^- .HC1 >285 



-CCHz^z'-y^, — v -HC1 >285 

"So 

207 -CCHaDsCCCHOaOH -HC1 230-232 



208 -(CH 2 ) 5 CHCCH 3 )OH *HCl 201-203 



209 -CH 2 CHCCH 2 )3CH3 •HCl 260-262 

CH 2 CH 3 



— 195-196 
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TABLE IX CONT'D 



-CI3[(CH 2 ) 2 CH 3 ]3 

-(CH 2 ) 2 CHCCH 3 ) 2 

•CHCC 2 H 5 )CCH 2 ) 4 CI% 

CCH^OC^ 
(CH 2 ) 3 OCH 2 CH 3 




salt np(°C) 

e HCl 

.0.25B,O 279 - 281 

•HC1 231 - 233 
°0. 1.H 2 0 

°HCI 246-248 
•0. 75H 2 0 

a HC,l 

•0.351*0 220 - 2 2Kdeo) 
•HC1 

•0.331*0 192 - 194 

•HC1'. 195-196 
•HC1 

•0.5H 2 O 255 C<tec) 
"HC1 

-0.51*0 1B3 -1S4C.dec) 
•0. 5 EC OH 
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TABLE X 




i Example RM _E 15 _ - salt mp(»C) 

219 -(CE 3 > 2 CN -<CH 3 ) 2 CN «HC1 216-218 (dec) 

20 

EXAMPLE 220 

Preparation of 6-Methanesulfonamido-3,4^ihydro-spiro[(2H)-1-benzopyran-2,4'-piperidinH-one-3-rriB- 
thyl hydrochloride 

25 

5tep_A_2 A solution of 2-hydroxypropiophenone (15 g, 0.1 mol), 1-acetyl-4-piperidone (14.2 g, 0.1 mol), and 
pyrrolidine (7.1 g, 0.1 mol) in CH 3 OH (150 ml) was heated at reflux for 6 days. After cooling to room 
temperature, the reaction was concentrated to dryness. The residue was chromatographed on silica gel 
using a Still column (90 mm) and the mixture eluted with 30% EtOAc-hexanes to yield 9.5 g of starting 
30 material and then 60% EtOAc-hexanes to yield 10 g (37%) of 

1'^cetamidc-3,4^ihydro-3-methyl-spiro-[(2H)-1-ben2mpyran-2-4'-piperidin]-4-one. 

StepB : To a solution of-concentrated H 2 S0 4 (18 mol) was added the product of Step A (5 g 0.018 mol) at 
room temperature with stirring. After 0.5 hours, the mixture was cooled to -10°C and nitric acid (0.9 ml, 1.2 
35 g, 0.01 9 mol) in (1 .8 ml concentrated H 2 S0 4 ) was added via syringe. After stirring for 0.5 hours at 0-4°C, the 
mixture was carefully added to NaHC0 3 (76 g) in and EtOAc. After separation, the aqueous layer was 
further extracted with EtOAc (2 x). The combined organic layers were dried, filtered, and concentrated to 
dryness to yield 5.8 g (88%) of 
1'-acetamido-3,4KiihYdro-3-methyl-6-ni^ 

40 

Step C : Under N 2 , Ra-Ni (2 scoops in H 2 0) was added to the product of Step B (5.1 g, 0.016 mol) in AcOH 
(50 ml) and hydrogenated on a Parr shaker under 12 psi. After 8 hours, the theoretical amount of Hz was 
absorbed and the reaction was then filtered through super eel under a blanket of N 2 and the filtrate was 
concentrated to dryness. The residue was dissolved in CH 2 CI 2 (275 ml) and piperidine (13.6 ml, 13.2 g, 0.17 
45 mol) and then methanesulfonyl chloride (2.2 g, 0.017 mol) was added at room temperature. After 1 5 hours, 
the reaction was washed with H 2 0 cold 1.5 N HCI, saturated NaHC0 3 dried, filtered and concentrated to 
dryness to yield 5.2 g (89%) of 
1'-acetamido-3,4^ihydro-6-methanesulfonamido-3HTC^ 

so Step D : The product of Step C (5.2 g, 0.014 mol) in CH 3 OH (80 ml) and 6N HCI (80 ml) was heated at 
reflux. After 7 hours, the reaction was concentrated to dryness and the residue flushed with EtOH (4 x) and 
then toluene to yield 5.0 g (98%) of the title compound. 

Employing the procedure substantially as described in Example 83 but substituting 6-methanesulfonami- 
55 do-3,4-dihydro-spiro[(2H)-1-benzopyran-2,4'-piperidin]-4-one-3-methy| hydrochloride for the 3,4-dihydro-6- 
methanesulfonamido-spirot(2H)-1-benzopyran-2,3'-piperidine]-4-one hydrochloride used therein, and 
substituting an appropriate electrophile for the 5-(2-bromoethyl)benzofurazan, the following compounds of 
Table XI were prepared : 
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_E 3 _ 


Salt 




221 


2-CN 


HC1«1/4H 2 0 


191-193 


222 


2-CH 3 


HC1»1/2CH 3 01 


267=269 


223 


4-C1 


HC1 


238~240(dee) 


224 


4-CN 


HC1«1/4H 2 0 


300(dec) 



EXAMPLE 225 R4 

3,4-Dihydro-6-methanesulfonamido-3-mewyl-142-(2-pyridyl^^ 
dine]-4-one 

The title compound was prepared from 3,4-dihydro-6-methanesulfonamido-3-methyI-spiroK2H)-ben- 
zopyran-2,4'-piperidine]-4-one hydrochloride in a manner analogous to that described in Example 52, Step C, 
mp 210-211 < 'C. 

nal. CalCd for CjaH^NatWHCM^O 
C, 51.72 ;H, 5.79 ; N, 822. 
Found : C, 51.66 ; H. 5.91 ; N, 8.22. 

EXAMPLE 225A 

3,4-Dihydrc-6^ethanesulfonamido-3-methyl-1'-liexyl-spiro[(2H)-1-benzopyran-2,4'-piperidine"4-one 
The title compound was prepared, from 3,4-dihydro-6-methanesulfonamido-3-methyi-spiro [(2H)-ben- 

zopyran-2,4'-piperidine]-4-one hydrochloride and hexyi bromide in a manner similar to that described in 

Example 83 ; mp = 261-264°C. 

EXAMPLE 226 

3,4-Dihydro-3-methyl-6-methanesulfonamido-r-[2^benzofura2an-5-yl)ethyl]spiiroK2H)-1-benzopyran-2,4' 
-piperidine]-4-one hydrochloride 

The title compound was prepared from 3,4-dihydrc~3-methyl-6-methanesulfonamido-spiro[(2H)-1-ben- 
zopyran-2,4'-piperidine-4-one hydrochloride 

(Example 220) and 5-(2-bromoethyl)benzofurazan in a manner analogous to that described in Example 83 ; 
mp 240-243°C. 

Anal. Calc'd for QaHaNtCfeS-HCI : 
C, 54.48 ;H, 5.37 ; N, 11.05. 
Found : C, 54.14 ; H, 5.36 ; N, 11.01. 

EXAMPLE 227 



70 



EP 0 431 943 A2 



3,4-Dihydro-3-methyl-6-methanesulfonamido^ 
-piperidine-4-ol hemihydrate 

3,4-Dihydro-3-methyl-6-methanesulfonamido-1' [2-(benzofurazan-5-yl)ethyl]spiro[(2H)-1-benzopyran- 
2,4'-piperidine-4-one was reduced with sodium borohydride in a manner analogous to that described in 
s Example 429 to give the title compound as a mixture of diastereomers. 
Ar.s!. Czlc'd for C--H--M -0-S-1/2H-0 : 
u, 0/.36 ; H, 6.07 ; N, i i.64. 
Found : C, 57.17 ; H.-5.75 ; N, 11.42. 

10 EXAMPLE 228 

1 -(Hydroxymethyl)-4-(1 H-imidazol-1 -yQbenzene 

To a mixture of 4-(1 H-imidazol-1 -yl)benzoic acid methyl ester (prepared as described in U.S. Patent No. 
4,804,662) (1.5 g) in THF (25 ml) at -15°C was added a solution of 1M LAH/THF (10.4) ml). The mixture was 
is stirred for 1 12 hour and allowed to warm to room temperature. The reaction was quenched by addition of water 
(0.5 ml) and then diluted with methanol (50 ml) and filtered. Concentration of the filtrate yielded 1 .2 g (98%) of 
1 -(hydroxymethyl)-4-(1 H-imidazol-1 -yl)-benzene. 

iH NMR (300 MHz, CDC1 3 ) : 5 4.75 (s, 3H), 7.15 (s, 1H), 7.25 (s, 1H), 7.32 (d, 2H, J=12Hz), 7.48 (d, 2H, 
J=12Hz).7.75(s,1H). 

20 

EXAMPLE 229 

6-Methanesulfonamido-3,4-dihydro-1'-(2-methylsulfinylethyl)spiro[(2H)-1-benzopyran-2,4'-piperidine]-4- 

one 

25 A solution of 6-methanesulfonamido-3,4-dihydro-1'-(2Hfnethylthioethyi)spiro[(2H)-1-benzopyran-2 l 4'- 
piperidine]-4-one (0.30 g, 0.78 mmol) in 15 mL of methanol was treated dropwise with a solution of sodium 
periodate (0.17 g, 0.78 mmol) in 15 mL of water. The solution was stirred at 25°C for 3 hours, and was then 
poured into 25 ml of water and extracted with a total of 100 mL of ethyl acetate. The organic phase was dried 
(MgS0 4 ), filtered and concentrated in vacuo to give the product as a pale yellow foam. The foam was dissolved 

30 in 30 mL of absolute ethanol and was treated with excess 4.8N ethanolic HC1 . The resulting solid was collected 
and dried for 4 hours at 100°C under vacuum to give 0.083 g (24%) of product, mp 181-183°C. 
Anal. Calc'd. for C^HasCINjOsSz : 
C, 46.72 ; H, 5.77 ; N, 6.41. 
Found : C, 46.60 ; H, 5.69 ; N, 6.42. 

35 

EXAMPLE 230 

e-Methanesulfonamido-SAdihydro-l^-methanesulfonylethyQspiroPHVI-benzopyran-a^'-piperidine]- 
4-one 

40 A solution of 6-methanesulfonamido-3,4-dihydro-1'-(2-methylthioethyl)spiro[(2H)-1-benzopyran-2,4'- 
piperidine]-4-one (0.335 g, 0.871 mmol) in 15 mL of methanol was treated dropwise with a solution of Oxone® 
(0.803 g, 1.31 mmol) in 15 mL of water. The resulting mixture was stirred at 25°C for 2 hours. The reaction 
mixture was then poured into 50 mL of saturated aqueous NaHC0 3 and extracted with a total of 100 mL of ethyl 
acetate. The organic phase was dried (MgS0 4 ), filtered, and concentrated in vacuo to a pale yellow oil which 

45 was shown to be a mixture by then layer analysis. The mixture was chromatographed on silica gel using 5% 
methanol in methylene chloride eluant The pure oil was dissolved in 20 mL of absolute ethanol and was treated 
with excess 4.8N ethanolic HC1. The solid was collected washed with diethyl ether, and dried for 4 hours at 
100°C under vacuum to give 0.176 g (44.6%) of product, mp 250-251°C. 
nal. CalCd. for C 17 H26CIN 2 0 5 S2 : 

50 C. 45.07 ;H. 5.56 ; N. 6.19. 

Found : C, 4556 ; H, 5.65 ; N, 6.21. 

EXAMPLE 231 

55 3,4-Dihydro-6-methoxy-spiro[(2H)-1-benzopyran-2,4 , -piperidine]-4-one hydrochloride 

The title compound was prepared according to the procedure described in Example 67, Step A but sub- 
stituting 5-methoxy-2-hydroxyacetophenone for2-acetyl-phenol ; mp 235-237°C. 
Anal. Calc'd. for C 14 H 18 N0 2 HCI : 
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C, 59.25 ; H, 6.39 ; N, 4.93. 

Found : C, 59.00 ; H. 6.20 ; N, 4.84. 



EXAMPLE 232 



5 



6-Methoxy-3.4^ihydro-1^2-(4^ethanesulfonam 
dine-4-one 



A mixture of 3,4-dihydro-5-methoxy-spiro [(2H)-benzopyran-2,4'-piperidine]-4-one hydrochloride (1 g, 3.52 
mmol) and 2-[4-(methanesulfonamido)phenyl)-ethylmethanesulfonate (1.5 g, 5.1 mmol) and sodium bicarbo- 

10 nate (excess) and Lil (680 mg, 5.1 mmole) in 30 mL acetonitrile was heated to reflux for 8 hours. The reaction 
was cooled to room temperature and poured into 200 mL saturated sodium bicarbonate and extracted with ethyl 
acetate. The ethyl acetate layers were dried over MgS0 4 , filtered and concentrated in vacuo . The residue was 
chromatographed on silica gel using 2% to 5% MeOH/CHCI 3 as eluant to give 1.2 g. The solid was dissolved 
in ethanol and treated with excess ethanolic HC1 . The solid was collected and dried under vacuum to give O.S0O 

15 g product, mp 255°C. 

Anal. Calc'd. for CjaHasNzOg-HCI : 
C. 56.95 ; H, 6.02 ; N, 5.77. 
Found : C, 56.81 ; H, 5.91 ; N, 5.76. 

Employing the procedure substantially as described in Example 232, but substituting for the 2-[4- 

20 (methanesulfonamido)phenyl]ethylmethanesulfonate used therein, the appropriate electrophiles there were 
produced the compounds of Table XII. 



TABLE III 



25 



o 



30 




35 



50 



55 
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Exarrple EM salt rTp(°C) 

233 -0*3^^ -0.25^0 146-1*8 

234 -CH 2 CH 2 -^^--OMs "HCl 281-283 

235 -CH 2 CH 2 -^^~COCH 3 •HCl 261-263 

F 

O 

238 -CH 2 CH 2 -^^-C-NH 2 184-185 

O 

_ /^\ II -HCl 200 

239 -CBt-CO-^-W^ . C2i%OH 

O 

240 -CH 2 -CO-^^ -HCl 245(dec) 



236 -CH 2 CH2-^J)-F "HCl 264- 26 : 
F 

237 -CH 2 CH 2 -^J)-CN — 155-156 
O 



241 -CHaCH^g^ 



CH 3 



•2HC1 213 
•0. 75 H 2 0 
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salt rrpC°C) notes 



"HC1 191-193.5 



-C^CH 2 -^ oHCl 229-231 

CN 

-CH 2 CHH^ »1/4H 2 0 
CN 

-CH,CH,-Q 



>HC1 24B-250. 5 a 

»1 /4H 3 0 



-CH a CH 2 _^^-SCH 3 

-CH 2 CH 2 _^2) eHCl 254-256 

CI 

-CH a CH a - 

CH 3 

-CH2CH2— ^^SO z CE s — 



*-0 



'HCl 256-258Cd©c) 



-CHjCHj— ^3"" F ^ 247-249Cdec) 

°2/1 0H 3 O 
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TAFTrTi ^ CONT'D 



Exanple RM ^alt np(«c;) notes. 

250 -C^CI^-^-MHSPaC^ -HCl 275 

•HCl 1 97-1 99C dec) a 



251 -CHjCHf 



252 -ClijClJf 



J -^-CB I OH « 



•HCl 



Notes : 

(a) Prepared from the corresponding cyano compounds essentially by the methods described in 
Example 369. 

(b) The p-methylthio and p-methylsulonylphenethyl alcohols were prepared by the method of G.M. Ben- 
nett and M.M. Hafez, J. Chem. Soc, 1941, 652 ; and the mesylates of these alcohols were prepared by 
the method described in Example 89, Step C. 



EXAMPLE 254 



6-Methoxy-3,4-dihydro-spiro(2H)-1-benzopyran-2,3'-piperidine-4-one hydrochloride 
Employing a procedure analogous to that described for Example 52, Steps A and B, but substituting 5-me- 
thoxy-2-hydroxyacetophenone for the orthohydroxyacetophenone used therein there was obtained 6-methoxy- 
3,4-dihydro-spiro(2H)-1-benzopyran-2,3'-piperidine-4-one hydrochloride, mp 276-278°C (dec). 

Employing the procedure substantially as described in Example 53, but substituting 6-methoxy-3,4-dihy- 
dro-spiro(2H)-1-benzopyran-2,3'-piperidine-4-one for the 3,4-dihydro-spiro(2H)-1-benzopyran-2,3'-piperi- 
dine]-4-one used therein, and substituting the appropriate electrophiles for the 2-(4-methane- 
sulfonamidophenyl)ethyl mesylate used therein, there were obtained the spiropiperidines described in the fol- 
lowing table. 
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Exanple RM sale wpC°C) 

/^A °HC1 207-209 

254a -CH 2 CH 2 -<y>-NiB0 2 CH3 o 0 . 25 C 2 5% 

°0. 15H 2 0 

-"HCl 251 -253 

255 -CBjC^-^y^-CK . 0> 7gCaI% 

e 0 . 35H 2 0 
r-TV °HC1 275 

256 -CH 2 CR 2 <^J^ .0.1BCQH 

°0. 1 H z O 

Employing the procedure substantially as described in Example 52, Step C, but starting with S-imethanesul- 
1bnamidc-3,4-dihydrospiro-2H-1-benzopyran-2,3'-piperidine-4-one and the appropriate vinyl pyridines there 
were obtained the following compounds. 

TABLE XIV 



0 



rH 3 S0 2 NH 




I 

R-M 



EP0431943 A2 

Exanple RM 3 alt npC°Q 

•2HC1 285Cdec) 



257 ' -CH 2 CH 2 ' 

r^v -2HC1 1 92 

258 -CH 2 CH 2 -(^N -0. 5H 2 0 

Employing the procedure substantially as described in Example 83, but substituting for the 5-(2-bromoe- 
thyI)benzofurazan used therein, an appropriate electrophile, there were produced the following compounds. 



CH 3 S0 2 NH 



I 

R-M 



Exanple RM salt "PC°C) 



C 



NHSOsCHg -HC1 

0. 5H 2 0 



173 

259 -CH 2 CH 2 -<^J^ . 0 . 25C 2 H50H 

CI 

V ~ ' " - .0. 25*1,0 240 " 242 



261 -CH 2 CH 2 H^^-CN . 0 .5H 2 O 235-236 



262 -CCH 2 ) 5 CN 



•HCl 173-175 
•0. 5H 2 0 



rrH ^ rw * HC1 164-166 

263 -CCH 2 )6 CH 3 



EXAMPLE 264 



77 



EP9 43'J94SA2 



6-Methanesulfonamid<>3,4-dihydro-1'-(2-(4-aminophenyl)ethyl)-spiro[(2H)-1.benzopyran-2,4'-piperi- 
dine]-4-one 

The tiUe compound was prepared from 6-methanesulfonamido-3,4-dihydro-1'-(2.(4-nitraphenyl)ethyl)-spi- 
rot(2H)-1-benzopyran-2,4'-piperidine]-4-one by a procedure analogous to that described in Example 25. mp 
271°C(dec). 

Employing a procedure subsianiiaiiy as liesuribed in Exampie 26 but substituting B-methansulfonamido- 
a^inydro-r-tZHA-aminophenyOethyO-sp^HJ-l-benzopyran^^'-piperindinel-^nefo!- the 1-(2-(4-ami- 
nophenyl)ethyl) spiro(piperidine-4,6'-thieno[2,3-b]thiopyran)-4'5(H)-one used therin and the appropriate alkyl 
or aryl sulfonyl chlorides, there were produced the following compounds. 



TABLE XVI 




Example Salt W>.J. °Q) . 



265 -CH 2 CH 3 »HC1 250 (dee) 

266 -CH 2 CH 2 CH 3 #HC1 257 <dec) 

267 -CH(CH 3 ) 2 »HC1 272 (dec) 

268 -CH2CH2CH2CH3 •HCl 205=207 

269 -C 6 H 4 CH 3 *EC1 204-205 

•H 2 0 



EXAMPLE 270 

6-Memanesulfonamidc>-3,4^ihydro-1H2-(4-a(^tamidophenyl)ethyl)-spiror(2H)-1-benzopyran-2,4 ^piperi- 
dine]-4-one ~~ 

A suspension of 6-methanesulfonamido-3,4-dihydro-1'-(2-(4-aminophenyl)ethyl)-spira[(2H)-1-ben- 
zopyran-2,4'-piperidineM-one (0.50 g, 1.2 mmol), and pyridine (0.09 mL, 1.2 mmol) in 25 mL of methylene 
chloride was cooled in an ice bath and treated dropwise with acetyl chloride (0.09 mL, 1.2 mmol). The mixture 
was stirred at 0°C for 2 hours, and then filtered. The tan solid was washed with methylene chloride and dried 
in the air. The solid was found to be a mixture by thin layer analysis, and was chromatographed on silica gel 
using 10% methanol in methylene chloride eluant The pure oil was dissolved in 20 mL of absolute ethanol and 
was treated with excess 4.8N ethanolic HCl. The solution was then concentrated to 10 mL. The resulting ivory 
colored solid was collected washed with diethyl ether, and dried 3 hours at 100°C under vacuum to give 0 10 
g (1 8%) of product mp, 294°C(dec). 
Anal. Calc'd. for C^HsoCINsOgS : 
C, 56.74 ; H, 5.95 ; N, 8.27. 
Found : C, 56.70 ; H. 5.90 ; N, 8.08. 

EXAMPLE 271 

6-Methanesulfonamido-3,4-dihydro-r-(2-(4-(methylsulfonylmethyl)phenyl)ethyl)-spiro[(2H)-1-ben- 
zopyran-2,4 , -piperidineH-one (A) and 6-Methanesulfonamido-3,4-dihydro-1 '-(2-(4-(methylsulfinylmethyl) 
phenyl)ethyl)-spiro[(2H)-1-benzopyran-2,4'-piperidine]-4-one (B) ' ~ 
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A solution of 6wnethanesulfonamido-3,4^ihydr(>-1M2-(4<methylthiomethyl)phenyl)ethyl)-spiro [(2H)-1- 
benzopyran-2,4'-piperidineH-one (450 mg, 0.88 mmoQ in 10 mL methanol was treated with a solution of 
Oxone® {450 mg, 0.71 mmol) in 10 mL water. The reaction was stirred at room temperature for 1 hour and 
then poured into 100 mL saturated sodium bicarbonate and extracted with ethyl acetate. The ethyl acetate 
layers were dried over anhydrous magnesium sulfate, filtered and concentrated in vacuo . The residue was 
chromatographed on silica gel eluting with 2% MeOH/CHCi. tn nive in nrH er ? f olsTirr of 'A v free ta~ - 

^, _. 4 _, „„, , „ aa u ,oou, »cu „ , cu idi iui anu ireaieo wiin excess etnanolic HCI. The solids 

were collected and dried in vacuo to give 180 mg (A)HCI0.3H 2 O, mp 285°C. 
Anal. Calc'd. for C^HaoNASz-HCI-O.a H 2 0 : 
C, 52.55 ;H, 5.81 ; N, 5.11. 
Found : C, 52.54 ; H, 5.75 ; N, 4.96. 

The sample of (B) was treated in a similar manner to give 140 mg (B) HCI0.35H,O, mo 274°C 
Anal. Calc'd. for C24H30N2O5S2.HCI O.35 H 2 0 : 
C, 54.04 ; H, 5.99 ; N, 5.25. 
Found : C, 54.08 ; H, 5.78 ; N, 5.23. 

EXAMPLE 272 

fcMethanesulfonamiQ-o-3,4-^ 

A solution of 6-methanesulfonamido-3,4^ihydrospiro[(2H)-1-benzopyran-2,4'^iperidine]4-one(920mg 
2.65 mmol3) and 4-vinyl-pyridine (1 g) in 15 mL methanol and 15 mL water was treated with NaOAc (200 mai 
and heated to reflux for 16 hours. The reaction was cooled to room temperature and poured into ^ 100 mL 
oflNNaOH. The mixture was extracted with ethyl acetate. The ethyl acetate extracts were discarded and the 
pH of the aqueous phase was adjusted to pH ^ 8-9 and extracted with ethyl acetate. The organic layer was 
dried over magnesium sulfate, filtered and concentrated in vacuo. The product was crystallized from ethyl ace- 
tate to give 470 mg of material that melted at 202-204°C. 
Anal. Calc'd. for CmHbNAS : 
C, 60.70 ; H, 6.06 ; N, 9.67. 
Found : C, 60.71 ; H, 6.04 ; N, 9.89. 

Employing the procedure described in Example 58, but substituting the appropriate alkyl or aryl sulfonyl 
chlondes for the methanesulfonyl chloride used therein, there were obtained the following compounds. 

TABLE XVII 




MP CQ) 



Example _s 17 Salt 

273 -CH2CH3 64-66 

274 -(CH 2 )2CH 3 'O^O 67-70 

275 -C 6 H 4 CH 3 «2HC1 193-195 
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6-Methanesulfonamido-3Adihydro-1M2-(2-chloropyrid^-yl)e%l]-spiro[(2H)-1-benzopyran-2,4'-piperi- 
dineI-4-one 

The title compound was prepared from 3,4-dihydro-6-methanesulfonamidospira[(2H)-1-benzopyran-2,4'- 
piperidine]-4-one hydrochloride and 2-chloro-5-chloroethylpyridine hydrochloride by a procedure analogous to 
that described in Example 92, Step B. [The 2-chloro-5-chloroethylpyridine hydrochloride used in this reaction 
was obtainea by treating e-cmoropyria-3-yl acetic acid (LA. Carlson. Acta Pharm. Suecica . 9. 41 1 (1972)) with 
borane-tetrahydrofuran complex followed by reaction with thionyl chloride.] mp 21 3-215°C. 
Anal. Calc'd. for ^H^CINaO^ : 
C, 56.05 ; H, 5.38 ; N, 9.34. 
Found : C, 55.93 ; H, 5.41 ; N, 9.20. 

EXAMPLE 277 

6-Methanesulfonamide-3,4-dihydro-1'[2-(2-chloro-1-oxopyri 
piperidine]-4-one " " " 

The N-oxide of the product of Example 276 was prepared by treating 6-methanesulfonamidc-3,4-dihydro- 
1'-[2-(2-chloro-pyrid-5-yl)ethyl]spiro [(2H)-1-benzopyran-2,4'-piperidineJ-4-one (0.170 g, 0.000378 mol) in 120 
mL of chloroform with 0.276 g (0.0008 mol) of m-chloroperbenzoic acid at room temperature overnight Calcium 
hydroxide (0.12 g, 0.0016 mol) was added, the mixture was stirred one hour at room temperature and was fil- 
tered and concentrated in vacuo. Flash chromatography on silica gel using CH 2 CI 2 : methanol : concentrated 
NH 4 0H (90 : 10 : 2) gave the title compound, mp 170-171°C. 
Anal. Calc'd. for CaH^CINaOgS : 
C, 54.13 ;H, 5.19 ;N, 9.02. 
Found : C. 54.1 1 ; H, 5.29 ; N, 8.94. 

EXAMPLE 278 

6-Methanesulfonamido-3,4-dihydro-1'^2-[2-(1H)-pyri^^ 
dine]-4-one hydrochloride 

A mixture of 0.752 g of 6-methanesulfonamido-3,4-dihydro-spiro[(2H)-1 -benzopyran-2,4'-piperidine]-4-one 
hydrochloride, 0.912 g sodium bicarbonate (s), 0.463 g of 1-(p-chloroethyl)-2-(1H)-pyridone hydrochloride (E. 
Wilson and M. Tishler, J. Am. Chem. Soc, 73, 3635 (1951)), a small crystal of potassium iodide and 25 mL of 
dry acetonitrile was stirred and refluxed overnight The solvent was removed in vacuo and the residue was par- 
titioned between ethyl acetate and water. The organic phase was separated and was washed an additional 
five times with water. The organic phase was dried (MgS0 4 ), filtered, and evaporated, and the residual ofl was 
converted to a hydrochloride salt Recrystallization from methanol gave the title compound, mp 258- 
260°C(dec). 

Anal. CalCd. for C^HaNsOsS-HCI : 
C, 53.90 ; H, 5.60 ; N, 8.98. 
Found : C. 53.62 ; H, 5.61 ; N, 8.91. 

The compounds of Table XVIII were prepared by heating a solution of 6-methanesulfonamido-3.4-dihydro- 
spiro[(2H)-1-benzopyran-2,4'-piperidine]-4-one (Example 70. Method 2, Step D) or 6-methoxy-3,4-dihydros- 
piro[(2H)-1-benzopyran-2,4'-piperidine]-4-one with an equimolar amount of 
2-(tetrazolo[1,5-a]pyrid-6-yl)oxirane (U.S. Patent No. 4,358,455) in ethanol to reflux for 1 .5 hours. The reaction 
mixture was evaporated and the residue crystallized first from a minimum of ethyl acetate and recrystallized 
from ethanol to give the desired tetrazolopyridine (essentially as described in U.S. Patent No. 4,358,455 
Example 4, Step D). 
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T ^T.F. XVIII 




OH 



ggample 

279 

280 



J& 1 - 

CH3SO2NH- 
CH3O- 



m p CO 
HCl«0.4H 2 O«0.3C 3 H 8 0* 164 

173-175 



*Isopropyl alcohol 

The compounds of Table XIX were prepared by heating a solution of 35.4 mmoles of the corresponding 
compound of Table XVIII and 24 g (106 mmoles) of stannous chloride dihydrate in 60 ml of 12 N HO to reflux 
for 2 hours. The reaction was evaporated to dryness, the residue suspended in 1 50 ml of methanol and basified 
with concentrated NH 4 OH. The precipitated salts were removed by filtration and the product in the filtrated 
chromatographed over600g of silica gel. eluting with a mixture of CH 2 CI 2 :CH 3 OH : concentrated NH4OH (15: 
5 : 4) to give, upon evaporation of the eluate. the desired aminopyridine compound (essentially as described 
in U.S. Patent No. 4,358,455 Example 4, Step E). 

TABLE XIX 




OH 



Example Salt 

281 CH 3 S0 2 NH- 

282 CH3O- 



p p CO 
186-188 
207-209 



The compounds of Table XX were prepared from the corresponding compounds of Table XIX essentially 
by the method described in the J.org.Chem., 26, 122 (1961) for the conversion of 2-amino-5-methylpyridine 
to 2-hydroxy-5-methylpyridine. 
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TABIDS 3g 



O 



H 



R 



>1 




OH 



Example 



283 
284 




Salt 



0 . 5H 2 0 



BP (°C) 
222=223 
224<dec) 



EXAMPLE 285 

1 '-[2-(2-Pyridyl)ethyl]spiro[1-methyl-2-oxo-indoline-3,4'-piperldine dihydrochloride hydrate 
A mixture of 0.108 g (0.0005 mol) of spiro[1-methyl-2-oxo-indoline~3 f 4'-piperidine (prepared according to 
U.S. 4,233,307) 051 g (0.002 mol) of 2-vinylpyridine, 0.068 g (0.0005 mol) of sodium acetate trihydrate, 2 mL 
of ethanol and 3 drops of glacial acetic acid was refluxed for 13 hours. The solvent was evaporated and the 
residue was dissolved in CH 2 CI 2 . After washing with a solution of sodium bicarbonate, the methylene chloride 
phase was dried (Na 2 S0 4 ), filtered and evaporated. The residue was purified by chromatography on silica gel 
using 4% CH 3 OH in CH 2 CI 2 . The homogeneous free base was converted to its hydrochloride salt to give the 
title compound, mp 193-195°C. 
Anal. Calc'd. for C20H23N3O.HCI.H2O : 
C, 58.23 ;H, 6.60; N, 10.19. 
Found : C, 58.43 ; H, 6.52 ; N, 10.12. 

EXAMPLE 286 

1 '-[2-(Benzofurazan-5-yl)ethyl1spiro[1 -methyl-2-oxo-indoline-3,4'-piperidine hydrochloride-0.4H 2 Q 
A mixture of 0.108 g (0.0005 mol) of spiro[1-methyI-2-oxo-indoline-3,4'-piperidine (prepared as"described 
in U.S. Patent No. 4,233,307) 0.338 g (0.0015 mol) 5-(2-bromoethyl)benzofurazan 0.083 g, (0.0005 mol) of 
potassium iodide, 0.1 68 g (0.002 mol) of sodium bicarbonate, and 1 0 mL of ethanol was refluxed for 24 hours. 
After cooling, the mixture was concentrated to dryness and the residue was re-dissolved in chloroform. The 
mixture was filtered and the filtrate was concentrated in vacuo . The residue was purified by chromatography 
on silica gel using 2% CH 3 OH in CH 2 CI 2 . The homogeneous free base obtained after chromatography was con- 
verted into its hydrochloride salt using ethanolic HCI to give the title compound, mp >275°C. 
Anal. Calc'd. for Cz^^Oj-HCI O^HjO : 
C, 62.11 ;H, 5.91 ; N, 13.80. 
Found : C, 62.15 ; H, 5.87 ; N, 13.61. 

EXAMPLE 287 

1 '-[2-(2-Benzofurazan-5-yl)ethyllspiro[5-methanesulfonamidoisobenzofuran-1 (3H), 4'-piperidine] hyd- 
rochloride 

1'-Methyl-spiro[isobenzofuran-1(3H), 4'-piperidinel-3-one was prepared by the method of W.E. Parham, 
et al., J. Org,. Chem., 41 (15), 2628 (1976). This compound was nitrated by the procedure of Example 60, Step 

A, to give the corresponding nitro compound, which was reduced by the method of Example 70, Method 2, Step 

B. The methanesulfonamide derivative was prepared using the method of Example 70, Method 2, Step C. Using 
this compound and the procedure described in Example 60, Steps C and D, there was produced spiro[5- 
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methanesuIfonamidoisobenzofuran-1(3H)4-piperidine]hydrochloride. Employing the procedure substantially 
as described in Example 94, Step B, but substituting for3,4-dihydro-6-methanesulfonamidospiro[(2H)-1-ben- 
zopyran-2,4'-piperidine]-4-one used therein, spiro|5-methanesulfonamidoisobenzofuran-1(3H), 4'-piperi- 
dinejhydrochloride there was produced the title compound, mp 272-274°C(dec). 
Anal. Calc'd. for C^N^S-HCI : 
C r 54.24 : H. 5.42 : N. 12.05. 




EXAMPLE 288 

3,4-Dihydro-6-methoxy-r-(2-[2-benzimidazolon-1-yl1ethyl)spiro[(2H)-1-benzopyrari-2,4 , -piperidine]^ 
one hydrochloride 

Step 1 : 1-lsopropenylbenzimidazolone (J. Davol, J. Chem. Soc. , 1960, 308) was alkylated with 1,2-dib- 
romoethane using sodium hydride in DMF. The productwas purified by chromatography and crystallization from 
cyclohexane to give l-isopropenyl-3-(2-bromoethyl)benzimidazolone. 
Anal. Calc'd. for C 12 H 13 BrN20 : 
C,51.26;H,4.66;N, 9.97. 
Found :C, 51 .44 ;H, 4.67 ; N. 9.98. 

Step 2 : Using the procedure described for the preparation of 6-methoxy-3,4-dihydro-1'-(2-(2-methanesul- 
fonamidophenyl)ethyl]spiro-[(2H)-1-benzopyran-2,4'-piperidine]-4-one but substituting 1-isopropenyl-3-(2-bra- 
moethyl)benzimidazolone for the 2-[4-methanesulfonamidophenyl]ethyl methanesulfonate used therein, there 
is produced an isopropenyl derivative of the title compound. The isopropenyl protecting group was removed 
by stirring an ethanolic solution of the compound with concentrated hydrochloric acid at room temperalure. The 
title compound crystallized from the reaction mixture and was purified by reciystallization from ethanol, mp 267- 
269 9 C(dec). 

Anal. Calc'd. for C23H25N3O4HCI : 
C, 62.23 ; H, 5.90 ; N, 9.47. 
Found : C, 62.34 ; H, 5.82 ; N, 9.34. 

EXAMPLE 289 

3,4-Dihydro-6-methoxy-142-(4-N-c^ 
piperidinel-4-one hydrochloride 

Step A : Preparation of 4-(2-hydroxyethyl)benzylamine 

A solution of 0.74 g (0.005 mol) of p-cyanophenethyl alcohol in 50 ml of ethanol containing 10 ml of con- 
centrated hydrochloric acid was hydrogenated at 30 psi using 0.1 g 5% Pd/C for 72 hours. The catalyst was 
removed by filtration and the solvent was removed under reduced pressure. 

Step B : Preparation of N-cyano-N'-{4-(2-hydroxyethyDbenzyl]-S-mettiylisothiourea 

The residue obtained from the hydrogenation reaction (0.88 g, 0.007 mol) was dissolved in 20 ml of acetonit- 
rile and 0.4 g (0.0047 mol) of sodium bicarbonate and 0.687 (0.0047 mole) of dimethylcyanodithioimidocarbo- 
nate were added. The mixture was refluxed overnight After cooling, the white solid was removed by filtration 
and dried to give 0.93 g of N-cyano-N'-{4-(2-hydroxyethy0benzyl]-S-methylisothiourea, mp 164-165°C. 
Anal. Calc'd. for C 12 H 15 N 3 OS : 
C, 57.80 ;H, 6.06 ; N, 16,86. 
Found : C, 57.58 ; H, 5.88 ; N, 16.80. 

Step C : Preparation of 3,4-dihydro-6-methoxy-1 '-T2-(4-N-cyano-N'-benzyl-S-methylthiourea)ethyl1spi- 
ro[(2H)-1 -benzopyran-2,4'-piperidineH-one hydrochloride 

N-Cyanc-N'-I4-(2-hydroxyethyl)benzyl]-S-methylisothiourea (0.47 g. 0.001 89 mol) and triethylamine (0.48 
g, 0.0047 mol) were dissolved in dichloromethane. Methanesulfonyl chloride (0.43 g, 0.00378 mol) was added 
and the mixture was stirred at reflux overnight. The cooled reaction mixture was diluted with methylene chloride 
and was washed with an aqueous solution of sodium bicarbonate. The organic phase was separated, dried 
(Na 2 S0 4 ) filtered, and evaporated. To the residue was added 0.4 g (0.00475 mol) of sodium bicarbonate and 
0.426g (0.0015 g) of 3,4-dihydro-6-methoxy-spiro[(2H)-1-benzopyran-2,4'-piperidine]-4-one hydrochloride and 
20 ml of acetonitrile. The mixture was heated at reflux for 60 hours. The cooled mixture was diluted with water 
and was extracted with methylene chloride. This organic phase was dried over MgS0 4 , filtered, and the solvent 
removed underreduced pressure. The residue was purifed byfiash column chromatography on silica gel eluting 
with 5% methanol in chloroform. The purified productwas converted to the hydrochloride salt Recrystallization 
from methanol gave the title compound, mp 263-264°C. 
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Anal. Calo'd. for C^N^S-HCI : 
C, 60.63 ;H, 6.07 ,-N, 10.88. 
Found : C, 60.56 ; H, 5.98 ; N, 10.84. 



EXAMPLE 290 



3,4-Dihydro-6-methoxy-142-(4-N^yano-N'-methyl-N"^uanidinobenzyl)ethyl]spiro[(2H)-1-benzopyran- 

2,4'-piperidine]-4-one hydrochloride 

Step A : Preparation of N-cyano-N'-methyl-N"-[4-(2-hydroxyethyl)benzyl]guanidine 

A solution of 0.42 g (0.00168 mol) of N-cyano-N'-[4-(2-hydroxyethyl)benzyl3-S-methyIisothiourea in 50 ml 

of methanol and 10 g of methylamine was stirred at room temperature overnight Evaporation of the solvent 

gave the title compound. 

Step B : Preparation of 3,4-dihydro-6-methoxy-1'- r 2-(4-N-cyano-N'-methyl-N"-guanidinobenzyl)ethyl]spi- 
ro[(2H)-1-benzopyran-2,4'-piperidine]-one hydrochloride 

To a solution of the N-cyano-N'-methyl-N"-[4-(2-hydroxyethyl)benzyl]guanidine in 10 ml of pyridine was 
added 0.25 g (0.00218 mol) of methanesulfonyl chloride and the mixture was stirred at room temperature for 
5 hours. The solventwas removed under reduced pressure and the residue was dissolved in methylene chloride 
and was washed with a saturated solution of sodium bicarbonate. The organic phase was separated, dried 
(MgS0 4 ) filtered, and evaporated. To the residue was added 0.426 g (0.0015 mol) of 3,4-dihydro-6-methoxy- 
spiro[(2H)-1-benzopyran-2,4'-piperidine}4-one hydrochloride 0.315 g (0.00375 mol) of sodium bicarbonate, 
and 25 ml of acetonitrile. The mixture was heated under reflux for 24 hours. After evaporating the solvent, the 
residue was extracted into methylene chloride. This organic phase was washed with water, dried (IMa 2 S0 4 ) fil- 
tered, and evaporated to dryness. The residue was purified by flash column chromatography on silica gel eluting 
with 5% methanol in methylene chloride. The purified product was converted to the hydrochloride salt. Recrys- 
tallization from isopropyl alcohol/methanol gave the title compound, mp about 204°C (dec). 
Anal. Calc'd. for CaeHaiNsOHClO.S H 2 0 : 
C, 61.59 ;H, 6.56 ;N, 13.81. 
Found : C, 61.59 ; H, 6.57 ; N, 13.62. 



EXAMPLE 291 



l^^-PyridvljethyllspiroII-methyl^-oxo-S-methanesulfonamidoindoline-S.^-piperidine dihydrochloride 
Step A : Preparation of V-ethoxycarbonyl-spiro[1-methyl-2-oxoindoline-3,4'-piperidine 
A mixture of 9.09 g (0.03 mol) of 2-bromo-N-(2-bromoethyl)-N-carbethoxyethanamine (S. Huybrechts and 
G. J. Hoornaert, Syn. Comm.. 11 (1), 17-23 (1981)) and 2.94 g (0.02 mol) of 1-methyl-2-oxoindoline in 10 ml 
of DMF was warmed at 50°C in an oil bath. Sodium hydride (2,0 g, 60%, 0.05 mol) was added in small portions, 
and after the addition was complete, the mixture was heated at 50°Cfor 12 hours. The DMF was removed under 
reduced pressure. The residue was triturated with hexane. The residue crystallized and was filtered off and 
washed to give 2.7 g 1'-ethoxycarbonyl-spiro[1-methyl-2-oxoindo!ine-3,4'-piperidine. 

Step B : Preparation of spiro[1-methyl-2-oxo-5-methanesulfonamidoindoline-3,4'-piperidine hydrochloride 
A solution of 0.144 g (0.0005 mol) of the product of Step A in 1.5 ml of methylene chloride and 0.142 ml 
of acetic anhydride was treated at 0°C with 0.105 g (0.0015 mol) of 90% fuming nitric acid. When the addition 
was complete the solution was allowed to stir at room temperature for 3 hours. The solution was then cooled 
and saturated sodium bicarbonate solution was added until the mixture was basic. The mixture was extracted 
with methylene chloride. After drying (Na 2 S0 4 ), the mixture was filtered, and the solventwas evaporated. The 
residue was hydrogenated in ethanol over Raney nickel catalyst at 10 psi overnight The mixture was filtered, 
and the ethanol was removed under reduced pressure. The residue was dissolved in a mixture of 25 ml of 
methylene chloride and 0.84 g (0.0083 mol) of triethyl amine and then was treated with 0.70 g (0.0069 mol) of 
methanesulfonyl chloride. The mixture was stirred overnight at room temperature. The reaction mixture was 
washed with sodium bicarbonate solution, dried (NgS0 4 ), filtered and evaporated. The crude product was puri- 
fied by chromatography on silica gel using 3% methanol in methylene chloride. The purified product was ref- 
Iuxed with 6N hydrochloric acid for 3.5 hours. Evaporation of the solvent gave 
spiro[1-methyl-2-oxo-5-methanesurfonamidoindoline-3,4'-piperidine hydrochloride. 

Step C : Preparation of I'-P^-Pyridyljethyllspiron-methyl^-oxo-S-methanesulfonamidoindoline-S,^- 
piperidine dihydrochloride 

A mixture of 0.16 g (0.000524 mol) of material from Step B, 0.22 g (0.0021 mol) of vinylpyridine 0.143 g 
(0.00105 mol) of sodium acetate trihydrate, and 6 ml of aqueous ethanol (1 : 1) was refluxed for 12 hours. The 
solventwas removed under reduced pressure, and the residue was dissolved in methylene chloride and was 
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washed with sodium bicarbonate. The organic phase was dried (Na 2 S0 4 ) filtered, and evaporated. The residue 
was purified by chromatography on silica gel using 5% methanol in chloroform. The purified product was con- 
verted to its hydrochloride salt using ethanolic hydrogen chloride, and was recrystallized from ethanol, mp 
214°C. 

Anal. Calcd. for C 21 H 29 N*O 3 S-2HCI-0.2C 2 H 5 OH.0.5 H 2 0 : 
C r 50.83 : H. 5.97 : N. 1 1.08. 



EXAMPLE 292 

1 , -I2-(2-Pyridyl)ethyllspiro[1-methyl-5-methanesulfonamiaoindoline-3,4 , -piperidine trihydrochloride 
Step A : Preparation of spiro[1-methyl-5-methanesulfonamidoindoline-3,4'-piperidine] 
To a suspension of 0.50 g (0.001616 mol) of spiro[1-methyl-2-oxo-5-methanesulfonamidoindoline-3,4'- 
piperidine] in 30 ml of dry tetrahydrofuran was added dropwise 4 ml (0.04 mol) of a 1.0 M solution of lithium 
aluminum hydride in THF. The mixture was stirred and refiuxed for 5 hours. A saturated solution of ammonium 
chloride was added dropwise to the cooled reaction mixture until a clear, colorless organic phase was obtained 
and a semisolid inorganic phase was deposited on the bottom of the flask. The THF phase was decanted and 
the inorganic phase was washed with chloroform. The combined organic phases were dried (Na 2 S0 4 ) .filtered, 
and evaporated to afford 0.36 g of spiron-methyI-5-methanesulfonamidoindoline-3.4'-piperidine. 

Step B : Preparation of 1'-[2-(2-Pyridyl)ethyl]spiro[1-methyi-5-methanesulfonamidoin doHne-3.4'-piperidine 

trihydrochloride — 

A mixture of 0.15 g (0.000537 mol) of sptro[1-methyl-5-methanesulfonamidoindoline-3,4'-piperidine from 
Step A, 0.22 g (0.00215 mol) of 2-vinylpyridine, 0.073 g (0.000537 mol) of sodium acetate trihydrate, and 6 ml 
of aqueous acetone (1 : 1) was stirred and heated at reflux for 12 hours. An additional 0.06 g (0.000537 mol) 
of 2-vinylpyridine was added and the solution was refiuxed for 5 hours. The solvent was removed under reduced 
pressure and the residue was dissolved in methylene chloride, washed with water, dried (Na 2 S0 4 ) .filtered, and 
evaporated. The residue was purified by chromatography on silica gel using 5% methanol in chloroform to e'lute. 
The purified product was converted to the hydrochloride salt in isopropyl alcohol, mp 183-189° 
Anal. Calcd. for C^HzslsUOaS-SHCI-HzO : 
C, 47.77 ;H, 6.30 ; N. 10.61. 
Found : C. 47.99 ; H, 6.34 ; N, 10.46. 

EXAMPLE 293 

3.4-Dihydro-6-m ethoxy-1 '-[1 ,3-d?memylpyrimidin-2,4(1H. 3H)-dione-6-yq S p?roK2H)-1-beri zopyran-24'- 
piperidine]-4-one ' — 

A solution of 3.4-dihydro-6-methoxyspiro-[(2H)-1-benzopvran-2.4'-piperidinJ-4-one hydrochloride (0.568 g 
2 mmol). 6K5hloro-1,3-dimethylpyrimidine-2,4-(1H, 3H)-dione (0.349 g, 2 mmol) and sodium bicarbonate (0.42 
g, 5 mmol) in acetonitrile was heated at reflux for 42 hours. After cooling, the reaction mixture was concentrated 
in vacuo to dryness. The residue was partitioned between chloroform and water. The chloroform solution was 
washed twice with water and once with saturated brine solution and then dried over sodium sulfate and con- 
centrated to dryness in vacuo. The solid residue was recrystallized from methanol/ethanol to give the title com- 
pound (0.47 g, 61% yield) mp 202-203°C. 
Anal. Calc'd for C20H23N3OS : 
C, 62.33 ; H, 6.02 ; N, 10.90. 
Found : C, 62.46 ; H, 6.08 ; N, 10.87. 

EXAMPLE 294 

3.4-Dihydro-6-methanesulfonamide-1 '-H ,3-dimethyipyrimidine-2,4(1 H, 3H)-djone-6-yl]spiro[(2H )-1 -ben- 
zopyran-2,4'-piperidine]-4-one " ' 

Utilizing the methodolgy of Example 293, the title compound was prepared, mp 259.5-262°C 
Anal. Calc'd for C2oH2 4 N 4 O e S : 
C, 53.56 ; H, 5.39 ; N, 12.49. 
Found : C, 53.16 ; H, 5.47 ; N, 12.24. 
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3,4-Dihydro-6-methoxy-1 '-f2-(1 ,3-dimethylpyrimidin-2,4(1 H. 3H)dione-6-vl)ethylmercapto]spiro[(2H)-1- 
benzopyran-2,4'-piperidineH-one " ~~ " 

A solution of 6-chloro-1,3-dimethyluracil (0.87 g, 5 mmol), 2-mercaptoethanol (0.39 g, S immol) and sodium 
bicarbonate (0.63g, 7.5 mmol) inacetonitrile(15 ml)was heated at reflux for24 hours. After cooling, the reaction 
mixture was concentrated in vacuo to dryness. The residue was partitioned between chloroform and water. The 
combined chloroform solution was dried over magnesium sulfate, filtered and concentrated to dryness. The resi- 
due was triturated with ether and filtered off. 

A solution of the residue (0.83 g, 3.8 mmol), triethylamine (0.58 g, 5.7 mimol) and methanesulfonyl chloride 
(0.48 g, 4.2 mmol) in methylene chloride (30 ml) was stirred in an ice bath for 3 hours. The resulting reaction 
was washed with water and brine, dried over sodium sulfate and concentrated in vacuo to dryness. The residue 
was triturated with ether, and the solid mesylate was filtered off. 

A solution of the mesylate (0.44 g, 1.5 mmol), 3,4-dihydro-6-methoxyspiro[(2H)-1-benzopyran-2 t 4'-piperi- 
din]-4-one (0.425 g, 1.5 mmol) and sodium bicarbonate (0.315 g, 3.75 mmol) in acetonitrile (15 ml) was heated 
at reflux for 23 hours. After cooling, the reaction mixture was concentrated in vacuo , to dryness. The residue 
was partitioned between chloroform and water. The chloroform solution was washed with water, brine and dried 
over sodium sulfate and concentrated in vacuo to dryness. The residue was triturated with hot ethanol/methanol 
and filtered off to give the title compound, mp 191-193.5°C (0.31 g, 46.4%). 
Anal. Calc'd for CazHzyNaOgS : 
C, 59.31 ;H, 6.11 ;N, 9.43. 
Found : C, 59.07 ; H, 6.08 ; N, 9.38. 

EXAMPLE 296 

3,4-Dihydro-6-methanesulfonamido-r-[2-(1,3-dimethylpyrimidin-2,4(1H,3H)dione-6-yl)ethylmercapto]spi- 
ro[(2H)-1-benzopyran-2,4'-piperidine]-4-one 

Utilizing the methodology of Example 295, the title compound was prepared, mp 198-201°C. 
Anal. Calc'd for CaHzsl^OeSz : 
C, 51.95 ; H, 5.55 ;N, 11.02. 
Found : C, 51.62 ; H, 5.42 ; N, 10.99. 

EXAMPLE 297 

3,4-Dihydro-6-methanesulfonamido-1'-[2-(1,3-dimethylpyrimidine-2,4(1H, 3H)-dione-6-yl)ethylamino]spi- 
ro[(2H)-1-benzopyran-2,4'-piperidine]-4-one ~ "~ " '" ~ 

1.3- Dimethyl-6-[2-(methylsulfonyloxy)ethylamino}-2 l 4(1H, 3H)-pyrimidinedione (prepared as described in 
EPO Publication 0,369,627) (0.4 g, 2 mmol) was suspended in pyridine (2 ml) and cooled to 0°C, methanesul- 
fonyl chloride (0.286 g, 2.5 mmol) was added at < 5°C. the reaction mixture was stirred in an ice bath for 3 
hours and was concentrated in vacuo to dryness. The residue was partitioned between chloroform and satu- 
rated sodium bicarbonate. The chloroform layer was dried over sodium sulfate, filtered, and concentrated to 
give the mesylate. 

A solution of the mesylate (0.26 g, 0.94 mmol), 3,4-dihydro-6-sulfamidospirop[(2H)-1-benzopyran-2 l 4'- 
piperidin]-4.one (0.347 g. 1 mmol) and sodium bicarbonate (0.25 g, 2.5 mmol) in acetonitrile (30 ml) was heated 
at reflux for 2 hours. After cooling, the reaction mixture was concentrated in vacuo to dryness. The residue was 
stirred in chloroform and methanol and filtered off solid. This solid was heated with hot ethanol. After cooling, 
the title compound was filtered off. 
Anal. Calc'd for CzzH^NsOeS : 
C, 53.76 ; H, 5.95 ; N, 14.25. 
Found : C, 53.50 ; H, 5.94 ; N, 14.13. 

EXAMPLE 298 

3.4- Dihydro-6-methoxy-1 '-f2-(1 ,3-dimethylpyrimidine-2,4(1 H, 3H)-dione-6-yQethylamino3spirof(2H)-1- 
benzopyran-2,4'-piperidine]-4-one 

A suspension of 3,4-dihydro-6-methoxyspiro-{(2H)-1-benzopyran-2,4'-piperidinH-one (0.284 g, 1 mmol) 
and sodium bicarbonate (0.42 g, 5 mmol) in acetonitrile was heated at reflux for 1 hour, 2-chloro ethylamine 
hydrochloride (0.1 1 6 g, 1 mmol) was added the solution was heated at reflux for 17 hours, 6-ch!orc-1,3-dime- 
thyluracil (0.175 g, 1 mmol) and sodium bicarbonate (0.16 g, 2 mmol) were added. Refluxing was continued 
for 28 hours. After cooling, the reaction mixture was concentrated in vacuo to dryness. The residue was par- 
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titioned between chloroform and water. The chloroform solution was washed with water and dried over sodium 
sulfate. The resulting residue was chromatographed through a pressure column (silica gel) eluting with 5% 
methanol/ chloroform to give the title compound (45 mg, 10.5% yield), mp 235-238°C dec. 
Anal. Calc'd for C^r^Os : 
5 C, 61 .67 ;H, 6.59 ; N, 13.08. 

Found : C, 6i.40 ; n, 5.69 , N, 12.55. 

EXAMPLE 299 

10 1'-r2-(3,4-Diaminophenyl)ethyl]-3,4-dihydro-6-methanesulfonamidospiro[(2H)-(1-benzopyran-2,4'-piperi- 

djnej-4-one and dihydrochloride 

Stepl : A suspension of 5,24 g (15.0 mmol) of 1-(8-[2-(4-acetamido-3-nitropheny0ethyl]-1 ,4-dioxa-8-azas- 

piro[4.5]decane in 30 mL 2N hydrochloric acid was heated at reflux for 1 .5 hours. The cooled mixture was basi- 

fied (pH 9-1 0) with saturated sodium carbonate solution and 10 N sodium hydroxide, diluted with 1 00 ml water. 
15 and extracted with methylene chloride (3 x 50 ml). The extract was washed with 50 ml water and brine, dried 

over sodium sulfate and filtered. The filtrate was concentrated in vacuo to give 3.95 g (100%) of 1-[2-(4-ami- 

no-3-nitrophenyl)ethylJ-4-piperidone as an oil. 

1H NMR CDCI 3 : 8 7.98 (d, 1H), 7.25 (d of d, 1H), 6.77 (d, 1H), 6.01 (broad s, 2H). 2.82 (L 4H), 2.76 (m, 2H) f 
2.70 (m, 2H), 2.48 (t, 4H). 

20 Step 2 : A solution of 3.44 g (15.0 mmol) Smethanesulfonamido-2-hydroxy-acetophenone 0.53 g (7.5 

mmo!) pyrrolidine, and 3.95 g (15.0 mmol) 1-[2-(4-amino-3-nitrophenyl)ethyl])piperidin-4-one in 30 mL methanol 
was heated at reflux for 30 hours. The solvent was removed in vacuo and the residue was partitioned between 
50 mL ethyl acetate and 25 mL 1 N hydrochloric acid. The layers were separated and the ethyl acetate layer 
was extracted with 1 N hydrochloric acid (2 x 25 mL). The combined aqueous extract was basified with 10N 

25 sodium hydroxide to pH 1 0, then extracted with methylene chloride (3 x 1 75 mL). The extract was washed with 
50 mL water and brine, dried over sodium sulfate and filtered. The filtrate was concentrated in vacuo to give a 
residue which was purified by flash chromatography on silica gel eluting with 2.5 : 97.5 methanol : chloroform 
saturated with ammonia to give 3.72 g (52%) of 1'-[2-(4-amino-3-nitrophenyl)ethyl]-3,4-dihydro-6-methanesul- 
fonamidospiroI(2H)-1-benzopyran-2,4'-piperidine]-4-one as an orange solid, m.p. 69-78°C. 

30 1H NMR (CDCI 3 ) : 8 7.96 (d, 1H). 7.64 (d, 1H), 7.52 (d of d, 1H), 7.24 (d of d. 1H). 7.03 (d, 1H). 6.76 (d. 1H), 
5.99 (broad s, 2H). 3.01 (s, 1H), Z73 (s, 2H). 2.72 (m, 4H), 2.62 (m, 2H), 2.50 (t. 2H). 2.08 (d, 2H), 1.78 (m, 
2H). 

Step 3 : To a solution of 3.56 g (7.5 mmol) 1'-l2-(4-amino-3-nitrophenyl)etJiylI-3,4-dihydro-6-methanesul- 
fonamidospiro[(2H)-(1-benzopyran-2,4'-piperidinel-4-one in 30 mL acetic acid was added dropwise over 50 

35 minutes a solution of 22.7 mL (26.3 mmol) titanium trichloride (1 5%) in 20-30% hydrochloric acid . The solution 
was stirred 20 minutes, basified (pH 9-1 0) with saturated sodium carbonate solution and 10 N sodium hydroxide, 
diluted with 200 mL water, and extracted with methylene chloride (3 x 300 mL). The combined extract was 
washed with 50 mL water and brine, dried over sodium sulfate and filtered. The filtrate was concentrated in 
vacuo to give the crude product which was re-crystallized from methylene chloride : ether (1 : 2) to give 2.16 

40 g (65%) 1 '^-(S^iaminophenylJethylJS^ihydro-e-methanesulfonamidospiropHJ-l-benzopyran^^'- 
piperidine]-4-one as a yellow solid mp. 109-112°C. 

Step 4 : To a solution of 0.222 g (0.50 mmol) 1'-[2-(3,4-diaminophenyl)ethyl]-3,4-dihydro-6-methanesul- 
fonamidospiro[(2H)-1-benzopyran-2,4 , -piperidine]-4-one in 5 ml ethanol was added 0.27 ml (1.6 mmol) 5.9N 
hydrogen chloride in ethanol. A precipitate formed which was filtered off and dried in vacuo to yield 0.226 g 

45 (87%) dihydrochloride salt of 1'-[2(3,4-diaminophenyl)ethyll-3,4-dihydro-6-methanesulfonamidospiro[(2H)-1- 
benzopyran-2,4'-piperidine]-4-one containing 0.65 water as a solvate, as a white solid, mp. 255-256°C. 
Anal Calcd for C^H^OvHCI-O.es H 2 0 : 
C. 49.93 ;H, 5.96 ;N, 10.59. 
Found : C, 49.91 ; H, 5.86 ; N, 10.48. 

50 

EXAMPLE 300 

1'-[2-(3,4-Bis(methanesulfonamido)phenyl)ethyl}-3,4-dihydro-6-methanesulfonamidospiro[(2H)-1-ben- 
zopyran-2,4'-piperidine)]-4-one hydrochloride 
55 To a solution of 0.222 g (0.50 mmol) 1'-[2-(3,4-diaminophenyl)ethyl]-3,4-dihydro-6-methanesulfonamidos- 
piro[(2H)-1-benzopyran-2,4'-piperidinel-4-one and 0.16 g (2.0 mmol) pyridine in 8 mL methylene chloride was 
added 0.120 g (1.05 mmol) methanesulfonyl chloride. The resulting mixture was stirred one hour, then diluted 
with 10 mL methylene chloride. The mixture was washed with 10 mL saturated sodium bicarbonate solution, 

87 



EP 0431 943 A2 



3 mL water, and brine, dried over sodium sulfate, and filtered. The filtrate was concentrated in vacuo to give a 
gum which was purified by flash chromatography on silica gel eluting with 5 : 95 methanol : chloroform saturated 
with amnionic to give 0.125 g of the free base. 

To-a solution of 0.12 g (0*20 mmol) of the free base in 10 mL ethanol was added 0.037 mL (0.22 mmol) 
5 5.9 N hydrogen chloride in ethanol to give a white precipitate. The precipitate was filtered off and dried in vacuo 
[n n\y,a nnjA n (24*4) hydrochloride as a 0.2Q ethane! and 0.75 wstsr sclvctc sc 2 off white cclid m."\ 17° 
181°C. 

Anal Calcd for CwH^OsSa-HCI O^O C 2 H 6 OH-0.75 H 2 0 : 
C, 44.41 ; H, 5.45 ; N, 8.49. 
10 Found : C, 44.41 ; H, 5.35 ; N, 8.49. 

EXAMPLE 301 

142-(1H-Benzimidazoi-5-yl)ethyfr3,4^ih^ 
15 piperidine)]-4-one dihydrochloride 

A solution of 0.36 g (0.80 mmol) 1'-[2-(3,4<liaminophenyl)ethyl]-3,4-<Jihydro-6-methane-sulfonamidos- 
piro[(2H)-1-benzopyran-2,4'-piperidine]-4-one and 1 mL (6 mmol) Methyl orthoformate in 1 mL ethanol was 
heated at reflux for 2 hours. The solvent was evaporated in vacuo to give a residue which was purified by flash 
chromatography on silica gel eluting with 5 : 95 methanol : chloroform saturated with ammonia to give 0.38 g 
20 of the free base as a foam. 

To a solution of the free base in 4 mL ethanol was added 0.27 mL (1 .6 mmol) 5.9 N hydrogen chloride in 
ethanol to give a gummy precipitate. The mixture was diluted with 10 mL ether, stirred two hours, and the pre- 
cipitate filtered off and dried in vacuo to give 0.317 g (75%) of the title compound as a 0.35 ethanol and 1.35 
water solvate, as a pale yellow solid m.p. 221-225°C. 
25 Anal Calcd. for C23H2eN4O4S.2HCI O.35 CaHjOH-l .35 H 2 0 : 
C, 50.12 ;H, 5.82 ;N, 9.87. 
Found : C, 50.08 ; H, 6.00 ; N, 9.96. 

EXAMPLE 302 

30 

1 42-(2.2-Dioxo-1 H,3H-2,1 ,3-benzothiadiazolin-5-yl)ethyl]-3,4-dihydro-S-methanesulfonamidospiro[(2H)- 
1-benzopyran-2,4'-piperidinel-4-onehydrochloride 

To 0.7 mL refluxing diglyme was added dropwise over 10 minutes a solution of 0.31 g (0.70 mmol) 1'-[2- 
(3,4-diaminophenyl)ethyO-3,4^ihydro-6H7iethanesulfonamidospiro[(2H)-1-benzopyran-2,4'-piperidine]-4-one 
35 and 0.067 g (0.70 mmol) sulfamide in 1 .4 mL diglyme. The mixture was heated at reflux for four hours and the 
diglyme was distilled off under reduced pressure leaving a solid residue. The residue was placed under 5 mL 
ethanol, the mixture was heated at reflux for 10 minutes, cooled to 40°C. and the solid was filtered off. The 
solid was extracted with hot methanol (4 x 25 mL) and filtered. The filtrate was concentrated in vacuo to give 
0.042 g impure free base. 

40 To a suspension of the free base in 5 mL ethanol was added 0.01 5 ml (0.088 mmol) 5.9 N hydrogen chloride 
in ethanol. The solid slowly dissolved. The solution was concentrated in vacuo to 1 ml and diluted with 2 ml 
ether to give a precipitate. The precipitate was filtered off and recrystallized from ethanol to give 0.012 g (3%) 
of the title compound as a 0.30 water solvate, as a tan solid, mp 270-275°C. 
Anal. Calcd. for C 22 H 26 N 4 O6S2 Ha 0.30 H 2 0 : 

45 C, 48.17 ;H, 5.07 ; N, 10.20. 

Found : C. 48.14 ; H, 5.36 ; N, 10.02. 

EXAMPLE 303 

so 142-(2.1-3-Benzomiadiazo)-5-yl)ethylR^ 
piperidineI-4-onehydrochloride 

To a mixture of 0.267 g (0.60 mmol) 1'-[2(3,4-diaminophenyl)ethyl]-3,4-dihydro-6-methanesulfonamidos- 
piro[(2H)-1-benzopyran-2,4'-piperadine]-4^ne and 0.30 g (3.0 mmol) triethylamine in 5 mL methylene chloride 
was added 0.083 g (0.70 mmol) thionyl chloride. The resulting solution was stirred 90 minutes, and 0.083 g 

55 (0.70 mmol) thionyl chloride was added. The solution was stirred 90 minutes, diluted with 50 mL methylene 
chloride, and washed with 1 5 mL saturated sodium bicarbonate. The aqueous layer was extracted with 25 mL 
methylene chloride. The combined organic layer was washed with 15 mL water and brine, dried over sodium 
sulfate, and filtered. The filtrate was concentrated in vacuo to give a residue which was purified by flash 
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chromatography on silica gel eluting with 5 : 95 methanol : chloroform saturated with ammonia. The solid 
obtained was recrystallized from ethyl acetate to give 0.180 g free base. 

To a suspension of the free base in 5 mL ethanol was added 0.064 mL (0.38 mmol) 5.9N hydrogen chloride 
in ethanol to give a yellow precipitate. The precipitate was filtered off and dried in vacuo to give 0.1 71 g (56%) 
5 of the title compound as a yellow solid mp 259-260°C. 

rvnai. vsaiCu. iOf ujji 124114 <->4^2i iv/i ; 

C, 51.91 ; H, 4.95 ; N, 11.01. 
Found : C, 51.61 ; H. 4.86 ; N, 10.95. 

10 EXAMPLE 304 

142-(2,3-Dihydro-2-oxo-1H-benzimidazol-5-v^ 
benzoyran-2,4'-piperidine]-4-one hydrochloride 

To a mixture of 0.266 g (0.60 mmol) 1 '-P-tS^iaminophenyOethyll-S^ihydro-B-methanesulfonamidos- 
15 piro[(2H)-1 -benzopyran-2,4'-piperidine]-4-one in 4.5 mL tetrahydrofuran was added a solution of 0. 1 26 g (0.78 
mmol) carbonyldiimidazole in 2.5 mL tetrahydrofuran. The resulting solution was stirred for two hours and a 
precipitate formed which was filtered off to give 0.1 81 g free base. 

To a suspension of 0.176 g (0.38 mmol) free base in 4 mL ethanol was added 0.046 mL (0.38 mmol) 5.9 
N hydrogen chloride in ethanol. The solid dissolved and a precipitate formed which was filtered off and dried 
20 in vacuo to give 0.173 g (58%) of the title compound as a 0.10 ethanol and 0.35 water solvate, as a white solid 
mp 270-272°C. 

Anal. Calcd. for CjsHaMOsS-HCIO.IO C 2 H 5 OH-0.35 H 2 0 : 
C, 53.80 ;H, 5.51 ; N, 10.82; 
Found : C, 53.75 ; H, 5.64 ; N, 10.84. 

25 

EXAMPLE 305 

1 '-[2-(1 -Methyl-1 H-benzimidazol-5-yl)ethyl]-3,4-dihydro-6-methanesulfonamidospiro-[(2H)-1 -ben- 
zopyran-2,4'-piperidine]-4-orie dihydrochloride and 1'-[2-(1-Methyl-1H-benzamidazol-6-yl)ethyl]-3,4-dihydro- 

30 6»methanesulfonamidospiro-[(2H)-1-benzopyran-2,4'-piperidine]-4-one 

To a mixture of 0.204 g (0.45 mmol) 1'-[2(3,4-diaminophenyl)ethyl]-3,4-dihydro-6-methanesulfonamidos- 
piro[(2H)-1-benzopyran-2,4'-piperidine]-4-onefree base and 0.093 g (0.80 mmol) diisopropylethylamine in 1 .5 
mL methanol was added 0.069 g (0.52 mmol) dimethylsulfate. The mixture was heated at reflux for 2 hours, 
0.078 g (0.60 mmol) dimethyl sulfate was added, and the solution was heated at reflux overnight The solution 

35 was concentrated in vacuo and the residue was partitioned between 5 mL saturated sodium bicarbonate sol- 
ution and 20 mL chloroform. The layers were separated and the aqueous layer was extracted with chloroform 
(2x10 mL). The combined extract was washed with 5 mL water and brine, dried over sodium sulfate, and fil- 
tered. The filtrate was concentrated in vacuo to give a residue which was purified by flash chromatography on 
silica gel eluted with 5 : 95 methanol : chloroform saturated with ammonia to give a gum. This was further puri- 

40 fied by preparative thin layer chromatography using the above eiuent to give 0.018 g free base. 

To a solution of the free base in 02 ml ethanol was added 0.0136 ml (0.080 mmol) 5.9 N hydrogen chloride 
in ethanol to give a gummy precipitate. The mixture was diluted with 2 ml ether and stirred 2 hours to give a 
fine yellow solid. The solid was filtered off and dried in vacuo to give 0.014 g (6%) of the title compound as a 
0.20 ethanol and 1.00 water solvate as a pale orange solid 220-232°C. 

45 Anal. Calcd. for C^Hjul^S^HCI-O^O C2H5OI+1 .00 H 2 0 : 
C, 51.53 ; H. 5.88 ; N, 9.85. 
Found : C,~51:61 ; H,1>.86;~N,9.84. 

EXAMPLE 306 

50 

1 l2-(2-methyl-1 H-benzimidazol-5-yQethyl)-3,4Hlihydio-6-methanesulfonamidospiro[(2H)-1 -benzopyran- 
2,4 > -piperidine]-4-one dihydrochloride 

A solution of 0.355 g (0.80 mmol) 1'-{2(3,4-diaminophenyl)ethyl]-3,4-dihydro-6-methanesulfonamidos- 
piro[(2H)-1-benzopyran-2,4'-piperidine]- 4-one and 1 mL (6 mmol) triethyl orthoacetate in 1 mL ethanol was 
55 heated at reflux for two hours. The solution was concentrated in vacuo to give a residue. The residue was dis- 
solved in 5 mL chloroform, there was added 0.334 g (1 .76 mmol) p-toluenesulfonic acid hydrate, and the result- 
ing solution was stirred two hours. The solution was concentrated in vacuo to give a residue which was purified 
by flash chromatography on silica gel eluting with 5 : 95 methanol : chloroform saturated with ammonia to give 
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0.226 g of the free base as a foam. 

To a solution of 0.202 g (0.43 mmol) free base in 2 ml ethanol was added 0.152 ml (0.90 mmol) 5.9 N hyd- 
rogen chloride in ethanol. The resulting solution was stirred 30 minutes, diluted with 5 mL ether, and stirred 3 
hours to give a white precipitate. The precipitate was filtered off and dried in vacuo to give 0.181 g (47%) of 
5 the title compound as a 0.20 ethanol solvate as a white solid mp224-227°C. 
Anai. uaic tor CwHaariiO^SZMCIO^O CHsOH : 
C. 53.21 ;H. 5.71 ; N, 10.12. 
Found : C, 52.85 ; H, 5.64 ; N, 10.16. 

10 EXAMPLE 307 

3,4-Dihydro-6-methanesulfonomide-142^6-quino)(olinyl)ethyl]spiror(2H)-1-benzopyran-2.4-piperidine]-4- 
one hydrochloride . ~ ~ ~~" *"~ 

To a mixture of 0.356 g (0.80 mmol) 1'-[2-(3,4-diaminophenyl)ethyl]-3,4-dihydro-6-methanesulfonamidos- 
15 piro[(2H)-1-benzopyran-2,4'-piperidine]-4-one in 1 .3 ml water heated to 70°C was added a hot solution of 0.250 
g (0.88 mmol) of glyoxal sodium bisulfite addition compound monohydrate (Aldrich Chemical Co.) in 1 mL water 
and 0.083 g (0.80 mmol) sodium bisulfite. The mixture was stirred at 70°C for two hours, cooled to room tem- 
perature diluted with 5 mL water, and extracted with chloroform (3 x 25 ml). The extract was washed with 5 
mL, water and brine, dried over sodium sulfate, and filtered. The filtrate was concentrated in vacuo to give a 
20 residue which was purified by flash chromatography eluting with 5 : 95 methanol : chloroforrnlitlirated with 
ammonia to give 0.174 g of the free base. 

To a solution of the free base in 2 ml ethanol was added 0.127 ml (0.75 mmol) 5.9 N hydrogen chloride in 
ethanol to give a precipitate. The precipitate was filtered off and dried in vacuo to give 0.133 g (33%) of the 
title compound as a 0.40 watersolvate as a white solid, mp 262-264°C. 
25 Anal. Calcd. for C^H^N^S-HCIO^O H 2 0 : 
C, 56.49 ;H, 5.49 ; N, 10.98. 
Found : C, 56.51 ; H, 5.53 ; N, 11.19. 

EXAMPLE 308 

30 

3,4-Dihydro-r-[2-(2 ,3-dihydroxy-6-quinoxolinyr) ethyq-6-methanesulfanomidospi roK2HH-benzoDvran- 
2,4'-piperidineH-one hydrochloride ~ ^ 1 

A solution of 0.31 g (0.70 mmol) I'-JZ^.^diaminophenyOethyll-S.^ihydro-S-methanesulfonamidos- 
piro[(2H)-1-benzopyran-2.4'-piperidine]-4-one and 0.083 g (0.74 mmol) oxalic acid dihydrate in 1.5 ml of 4N 
35 hydrochloric acid was heated at reflux for one hour to give a precipitate. The mixture was diluted with 1 mL 
water, heated at reflux for 30 minutes, and cooled to room temperature. The precipitate was filtered off, washed 
with water, and dried in vacuo to give 0.308 g (82%) of the title compound as a 0.75 water solvate as a white 
solid mp, 283-285°C. 

Anal. Calcd. for C24H 26 N 4 O 6 S-HCI-0.75 H 2 0 : 
40 C, 52.55 ;H, 5.24 ; N, 10.21. 

Found : C, 52.60 ; H, 5.28 ; N, 10.39. 

EXAMPLE 309 

45 142K2-(5<yanopyridyl))emy^3,4^ihydro-6-methanesulfonamidospiro[(2H)-1-benzopyran-2,4'-piperi - 
dine]^-one monohydrochloride " 

ste P 1 : A solution of 4.13 g (35.0 mmol) 5-cyano-2-picoline (Fairfield Chemicals) and 0.28 g (7.0 mmol) 
sodium hydroxide in 13.2 mL (135 mmol) of 37% aqueous formaldehyde solution was heated at 160°C in a 
sealed pressure tube overnight. The cooled mixture was basified with 6 mL saturated sodium carbonate solution 

so and extracted with methylene chloride (3 x 60 mL). The extract was washed with 1 0 mL bine, dried over Na 2 S0 4 , 
and filtered. The filtrate was concentrated in vacuo to give a residue which was partially purified by flash 
chromatography eluting with 2 : 98 methanol : chloroform to give 0.21 g of a solid. The solid was recrystallized 
from ether : hexane (1 : 2) to give 0.150 g (3%) 5-cyano-2-(2-hydroxyethyl)-pyridine, mp 92-93°C. 
'HNMR CDCI 3 : 8 8.81 (d, 1H), 7.89 (d of d, 1H), 7.33 (d, 1H), 4.06 (t, 2H), 3.22 (broad s, 1H), 3.12 (t, 2H). 

55 Step 2 : A mixture of 0.163 g (1.1 mmol) 5-cyano-2(2-hydroxyethyl)pyridine and 0.029 g (0.1 5 mmol) p- 
toluenesulfonic acid hydrate in 10 mL toluene was heated to refluxforfive hours in aflask equipped with a Dean- 
Stark trap. The cooled mixture was neutralized with 5 mL saturated sodium bicarbonate solution and extracted 
with ether (3 x 15 mL). The extract was washed with 3 mL brine, dried over sodium sulfate, and filtered. The 
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filtrate was concentrated to give an oil which was purified by flash chromatography on silica gel elating with 1 : 
3 ethyi acetate : hexane to give 0.052 g (36%) 5-cyano-2-vinylpyridine mp 29-30°C. 
1 HNMR CDCI 3 : S 8.83 (d, 1 H), 7.92 (d of d, 1H), 7.42 (d of d, 1H), 6.84 (d of d, 1H). 8.40 (d of d, 1H), 5.70 (d 
of d, 1H). 

5 Step 3 : In a manner similar to that described in Example 70, Method 2, Step E, a solution of 3,4-dihydro- 
S-iT.5th5riS3ii!fcriarTi;do-spirG[{2I !}-1-bcriZOpyrari-2,4'-pipariJiric}-4-v;nc uyuruoiiluiiue (0.121 y, 0.35 inmui) 5- 
cyano-2-vinyipyridine (0.046 g, 0.35 mmol), sodium acetate trihydrate (0.095 g, 0.70 mmol) in 1 : 1 methanol; 
water was heated at reflux for 13 hours. Purification and crystallization as the hydrochloride salt from ethanol 
gave 0.067 g (40%) of the title compound as a white solid, mp 203-204°C. 

10 Analy. Calcd. for C22H24N4O4S.HCIO.O5 C 2 H S OH0.30 H 2 0 : 
C, 54.76 ;H, 5.39 ; N, 11.56. 
Found : C, 54.72 ; H, 5.10 ; N, 11.51. 

EXAMPLE 310 

15 

1M2-(6-benzothiazolyl)ethyl]-3,4-dihydro-&me^ 
dine]-4-one hydrochloride ™" " 

Stepl : To a solution of t-butyl nitrite (6.60 g, 64.0 mmol) in 60 mL dimethyJformamide heated to 65°C was 
added a solution of 2-amino-6-benzothiazoleaceticacid (Indian J. Chem., 16B , 605 (1978)) (8.95 g, 43.0 mmol) 

20 in 140 mL dimethylformamide. The mixture was stirred at 65*C for 15 minutes, cooled to room temperature, 
diluted with 600 mL 6N hydrochloric acid, and extracted with 1 : 99 methanol : chloroform (3 x 600 mL). The 
extract was washed wtih 30 mL water and brine, dried over sodium sulfate and filtered. The filtrate was con- 
centrated to give crude product which was purified by flash chromatography eluting with 1 : 2 : 97 acetic acid: 
methanol : chloroform to give 1 . 1 g material. This was stirred under 20 mL ether to give a solid which was filtered 

25 off to give 0.42 g (5%) 6-benzothiazoIeacetic acid, mp 147-149°C. 

1 HNMR DMSO-de : 8 9.35 (s, 1H), 8.04 (m, 2H), 7.44 (d, 1H). 3.75 (s, 2H). 

Step 2 : To a solution of 6-benzothiazoleacetic acid (0.39 g, 2.0 mmol) in 10 mL dry tetrahydrofuran cooled 
in an ice-bath was added 4.0 ml (4.0 mmol) 1 .0M borane/tetrahydrofuran was added and the solution was stirred 
two hours with cooling. The reaction was quenched with 4 mL of 1 : 1 tetrahydrofuran : water, 2 mL water, and 

30 5 mL saturated sodium potassium tartrate. The mixture was partially concentrated in vacuo and the aqueous 
residue was extracted with methylene chloride (3x15 mL). The extract was washed with 3 mLsaturated sodium 
bicarbonate solution and brine, dried over sodium sulfate and filtered. The filtrate was concentrated to give a 
residue which was partially purified by flash chromatography eluting with 1 : 99 methanol : chloroform to give 
0.18 g of a gum. A solution of the gum in 5 mL tetrahydrofuran and 3 mL 6N hydrochloric acid was stirred at 

35 60°C for two hours, cooled to room temperature, neutralized with saturated sodium bicarbonate solution, and 
extracted with methylene chloride (3 x 20 mL). The extract was concentrated in vacuo to give a residue which 
was re-chromatographed to give 0.100 g (28%) 6-benzothiazolyJethanol as an oil. 

1 HNMR CDCl 3 : 8 8.85 (s, 1H), 7.96 (d, 1H), 7.74 (s, 1H), 7.30 (dd, 1H), 3.85 (t, 2H), 2.94 (t, 2H), 2.1 (broad s 
1H). 

40 Step 3 : To a solution of 6-benzothiazolylethanol (0.099 g, 0.55 mmol) and triethylamine (0.121 g, 1.20 
mmol) in 2 mL methylene chloride cooled in an ice bath was added dropwise a solution of methanesulfonyl 
chloride (0.086 g, 0.75 mmol) in 0.5 mL methylene chloride. The mixture was stirred one hour, diluted with 10 
ml methylene chloride and washed with 3 mL saturated sodium bicarbonate solution. The aqueous layer was 
extracted with 5 mL methylene chloride and the combined extract was washed with 2 mL water and brine, dried 

45 over sodium sulfate and filtered. The filtrate was concentrated in vacuo to give crude product which was purified 
by flash chromatography on silica gel eluting with 1 : 1 ethyl acetate : hexane to give 0.1 18 g (83%) 6-benzo- 
thiazolylethyl methanesulfonate as an oil. 

1 HNMR CDCI3 : 5 8.99 (s, 1H), 8.10 (d, 1H), 7.85 (d, 1H), 7.40 (dd, 1H), 4.49 (t, 2H). 3.22 (t, 2H), 2.89 (s, 3H). 
Step 4 : In a manner similar to that described in Example 92, Step B a mixture of 3,4-dihydro-6-methanesul- 

50 fonamido-spiro[(2H)-1-benzopyran-2,4'-piperidine]-4-one hydrochloride (0.146 g, 0.42 mmol) sodium bicarbo- 
nate (0.143 g, 1.70 mmol), 6-benzothiazolylethyl methanesulfonate (0.108 g, 0.42 mmol), potassium iodide 
(0.070 g, 0.42 mmol) and acetonitrile (5 mL) was heated at reflux for 6.5 hours. Purification and crystallization 
as the hydrochloride saltfrom ethanol gave 0.1 02 g (48%) of the title compound as a white solid, mp 214-21 5°C 
Analy. Calcd. for C^HasNaO^ HCI O^S H 2 0 : 

55 C, 53.89 ;H, 5.21 ; N, 8.20. 

Found : C, 53.94 ; H, 5.06 ; N, 8.21 . 

EXAMPLE 311 



91 



EP 0431 943 A2 



Preparation of 5'-feubstituted methvll 2'-hydroxyacetophenones : 

5'-r(Dimethylamino)methyl]-2 , -hyaroxyacetophenone " 

Ref : A. Warshawsky, R. Kalir, A. Patchornik, 
Ger. Offen. 2,733,251 (1978). 

2-Hydroxy-5'-<methylthiomethyl)acetophenone 

ToaaoiiiuOiiui' 5H'chioromeinyi;-z'-ny(3roxvacet0Dhenone fnrenarprt h un »»h«(^^ ». 

1™.? tk {5 ' 5 t 9 * 3 °"° T°! 90 mL dimeth y |fon "amide was added s^ftfcS^ggr^ 
mmol) The rmxture was stirred one hour and solid iodine was added in portions until a purple color wJ , mrt? 

watT(2 x 60 ^2 w Z K, an c eXfraCted W, ' th eth6r (3 X 300 mL >- Tne extract w ^ washed with 

JHNMR CDCI 3 : 8 12.20 (s, 1H), Y.66 (d, 1H). 7.43 (dd, iH), 6.95 (d. 1H), 3.65 ft 2H), 2165 (s, 3H). 2.02 (s, 
2'-Hydroxy-5'-(methvlsulfinvlm eth y l)afict»ph 0 n < s ne , 0 . 

.nan ice bath was added a solution of sodium metaperlodate (2.49 g, 12.1 LooSilw TtaiS^ 
^udy mixture was stin-ed^oho^ with cooling then^ 

rema.mng aqueous mixture was extracted with chloroform (3 x 125 mL). The-el£ict SZSIJwTJo^T 
water and brine, dried ove. sodium sulfate, and filtered,. The filtrate was c!I£o3K££2 « t i h» 
produc^h^^ 

(S, 3H) NMR CDC ' 3 5 12 ' 3 ° (S ' 1H) ' 7 - 7 ° (d> 1H) ' ™ (dd ' 1H) ' 7 -° 2 < d « 1H >' 3 - 92 W 24 2.66 (s, 3H), 2.50 
2'-Hydroxy-5 , -(methylsulfonvli nethvna cetophenone 

To a solution of 2'-hydroxy-5 f -(methylthiomethyl)acetophenone (2.20 g 1 1 0 mmol) in 88 mL m^h*™. 

WMR 00* : 6 ,2.35 „, ,H). 7.82 (d, 1H>. 7.49 (dd. 1H), 7.04 (d. ,H). 4.22 ,s, 2H). 2.82 (s, 3H). 2.87 
2'-Hydroxy-5'- (methanesulfonamidomethyl)acetophenone 

To a mixture of sodium hydride (60% dispersion in mineral oil, 1.60 g 40 0 mmoll in 25 mL niwrcn „„ 
Argon was added dropwise a solution of methanesulfonamide (3.80 g i& m™» in 10 mL DMSO 
mg mixture .was ^stirred 30 minutes and a solution of 54chlorometh? ^^^S^32^? fl ^?S 
mmol) ,n 10 mL DMSO was added. The resulting mixture was stirred three hours Mured Into Ma? S" L ? 
f d *fwith14"^ 

WaShed f With water ( 50 ™* Wne. dried over sodium sulfate. 

£2S -kT 3 ^ . 9iVe a " ° B WWCh — Partia " y purified * flash chromatography d« 97 " 
methanol : chloroform to give a gum. The gum was stirred under 25 mL water to remove residual DMSO thl 

2 , -Hydroxy-5'-r(N-meth v|-N-acetyl)aminomethyll.acetophenone 

To a mixture of sodium hydride (60% dispersion in mineral oil, 1.60 g, 40.0 mmol) in 25 mL DMSO lln H B , 
Argon was added dropwise a solution of N-methylacetamide (2.92 ft 4a0 mii»ni^^D^ 
mixture was st^ed 30 minutes and a solution of 5.(chlorom^ 

with 14 mL 3N hydrochloric acid, and the mixture extracted with methilene chloride (3 x 200 mU The ***** 
was washed with water (50 mL) and brine, dried oversodium sulfate, and filtered The^^^^L^SJ 
in vacuo to give an oil which was partially purified by flash chromatography £££ ^SaS : 
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chloroform to give an oil. The oil was stirred under 25 mL water to remove residual DMSO, the aqueous super- 
natant was decanted and the resulting gum was dried in vacuo . The gum was stirred under 50 mL ether and 
filtered. The filtrate was concentrated in vacuo to give a residue which was re-chromatographed eluting with 
3 : 97 ethyl acetate : hexane to give 0.93 g (21 %) product as an oil which crystallized on standing, mp 60-65°C. 
5 1 HNMR CDCI 3 : major rotamer : 8 12.22 (s, 1H). 7.66 (d, 1H), 7.38 (dd. 1H), 6.95 (d, 1H), 4.52 (s, 2H), 2.95 (s, 
3H), 2.64 (s, 3H), 2.16 (s, 3H) ; minor rotamer : S 12.25 (s, 1H), 7.50 (d. 1H), 7.31 (dd. 1H). 7.02 (d. 1H). 4.49 
(ft. 2H). 2.94 {st. 3HY 2.64 (s. 3H) : 219 (« ; 3H). 
H(3-Acetyl-4-hydroxyphenyl)methyl]imidazole 

To a mixture of 5'-(chloromethyl)-2'-hydroxyacetophenone (1.85 g, 10.0 mmol), sodium bicarbonate (1.68 
10 g, 20.0 mmol), and 20 mL dimethylformamide was added imidazole (0.75 g, 1 1.0 mmol). The mixture was stirred 
four hours and concentrated in vacuo, The residue was stirred under 50 mL ethanol, filtered, and the filtrate 
concentrated in vacuo to give a residue. The residue was sitrred under 30 mL chloroform, filtered, and the filtrate 
concentrated in vacuo to give crude product The crude product was purified by flash chromatography eluting 
with 5 : 95 methanol : chloroform to give a solid. The solid was recrystallized from n-butiychloride to give 0.71 
15 g (33%) product as a yellow crystalline solid, mp 106-1 07°C. 

1 HNMR CDCI3 : 8 12.3 (broad s, 1H), 8.03 (s, 1H), 7.62 (d, 1H), 7.34 (dd, 1H), 7.15 (d, 1H), 7.00 (d, 1H), 6.94 
(d, 1 H), 5.17 (s, 2H), 2,62 (s, 3H). 

2'-Hydroxy-5'-(methoxymethyl)acetophenone 
Ref : P. Briet, J.J. Berthelon, J.C. Depin, 
20 E. Boschetti, 

Ger. Offen. 2,549,745 (1976). 

2'-Hydroxy-5'-(hydroxymethyl)acetophenone 
Ref : SJ. Buckman, J.D. Pera, G.D. Mercer, 
Ger. Offen. 2.051,921 (1971). 
25 (Obtained as a by-product in following reaction.) 

2'-Hydroxy-5 , -([2-(methoxy)ethoxy]methy0acetophenone 

A mixture of 5'-(chloromethyl)-2'-hydroxyacetophenone (1.85 g, 10.0 mmol), potassium carbonate (1 .38, 
10.0 mmol), 2-methoxyethanol (0.91 g. 12.0 mmoi) and 10 mL chloroform was stirred 24 hours, filtered and the 
filtrate concentrated in vacuo to give a residue. The residue was purified by flash chromatography eluting with 
30 30 : 70 ethyl acetate: hexane to give 0.40 g (18%) product as an oil. 

1 HNMR CDCI 3 : 8 12.23 (s, 1H), 7,74 (d, 1H), 7.46 (dd, 1H). 6.96 (d, 1H), 4.52 (s, 2H), 3.63 (m. 2H), 3.58 (m. 
2H), 3.40 (s, 3H), 2.64 (s, 3H). 

Further elution with 50 : 50 ethyl acetate : hexanes gave 0.41 g (25%) 2'4iydroxy-5'-(hydroxymethyl)ace- 
tophenone as an oil. 
35 1-[(3-Acetyl-4-hydroxyphenyi)methyl]-2-pyrrolidinone 

To a suspension of sodium hydride (60% dispersion in mineral oil, 0.80 g, 20.0 mmol) in 15 mL dry dimethyl- 
formamide under argon, cooled in an ice-bath was added dropwise a solution of 2-pyrrolidinone (1.70 g, 20.0 
mmol) in 5 mL dimethylformamide. The ice-bath was removed, the mixture was stirred 30 minutes, and a sol- 
ution of 5'-(chloromethyl)-2'-hydroxyacetophenone (1.85 g, 10.0 mmol) in 5 mL dimethylformamide was added 
40 dropwise. The mixture was stirred four hours, poured into 75 mL ice water, acidified with 7 mL 3N hydrochloric 
acid, and extracted with methylene chloride (3 x 75 mL). The extract was washed with water (25 mL) and brine, 
dried over Na 2 S0 4 , and filtered. The filtrate was concentrated in vacuo to give crude product which was purified 
by flash chromatography on silica gel eluting with 2 :98 methanol : chloroform to give 1.92 g (82%) product as 
a viscous oil. 

45 1HNMR CDCI3 : 8 12.22 (s, 1H), 7.64 (d, 1H), 7.37 (dd, 1H), 6.95 (d. 1H), 4.40 (s. 2H), 328 (t, 2H), 2.64 (s 
3H), 2.45 (t, 2H), 2.01 (m, 2H). 

1-[(3-Acetyl-4-hydroxyphenyl)methyl]-2-imidazolidone 

To a suspension of sodium hydride (60% dispersion in mineral oil, 0.80 g, 20.0 mmol) in 15 mL dry dimethyl- 
formamide under argon, cooled in an ice-bath was added dropwise a solution of 2-imidazolidone (1 .72 g, 20.0 

so mmol) in 5 mL dimethylformamide. The ice bath was removed, the mixture was stirred 30 minutes and a solution 
of 5'-chloromethyl-2'-hydroxyacetophenone (1.85 g, 10.0 mmol) in 5 mL dimethylformamide was added drop- 
wise. The mixture was stirred four hours and the product was isolated in the same manner as in the previous 
example to give a solid. The solid was stirred under 20 mL n-butyichloride. filtered off, and dried in vacuo to 
give 1.01 g (43%) product as a white solid, mp 131-133°C. 

55 1 HNMR CDCI3 : 8 12.22 (s, 1H), 7.66 (d, 1H), 7.41 (dd. 1H), 6.96 (d. 1H). 4.62 (broad s, 1H, NH). 4.32 (s, 2H), 
3.42 (m, 2H), 3.32 (m. 2H), 2.64 (s, 3H). 

Employing the procedure substantially as described in Example 339, Step 8. infra, but substituting for the 
5-methanesurfonamido-2-hydroxyacetophenone used therein, the appropriately substituted 2'-hydroxy-aceto- 
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phenone from Example 311 there were produced the spiropiperidines described in Table XXI. 
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Exarrple R ia R 3 Salt MP^c;) YioldC%> 



Q 



-H -2 HC1 180-195 
O. 05 ECOH 
1.45 H a O 

-CN • 2 HCl 1 85-1 99 
• 0. 5 EtOH 
•0.5 IfeO 

325 CH 3 0- -H . HCl 241-243 

326 CH 3 0- -CM . HCl 234-235 

- O. 25 EtOH 

327 CBjOCHiCHkO- -H • HCl 229-230 

328 CHjOCHaCHiO- -CN •HSl 190-191 
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TABLE XXI CONT'D 
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ir 
& 

O 
O 



- HC1 313-214 
° 0. 03 EC OH 
• 0. 2 I^O 

° HC1 1SB-170 
° 0. 23 H a O 



» HC1 236-237 
° 0. 0 S%0 



0 HC1 342-244 
» 0. IS EtOH 
• 0. 25 8%jO 



° HC2 236-237 
• 0. 30 EtOH 
"0.2 fyO 



-CM a KC1 162-174 

8 0. 35 EtOH 
• 0. 2 H5O 



EXAMPLE 335 

A solution of 3 4-dihydfo^[N^cetyl(methylarninomethyl].1'-2(.phen^ 4 ._ 

a reflux for 18 hours Addit,onal 6N hydrochloric acid (0.20 ml. 1.2 mmol) was added, the solution was heated 
at reflux for 4 hours, then concentrated in vacuo. The residue was placed under 5 mL ethanol and concentrated 
£ vacu£ to i give a solid. The solid was stirred under 2 mL ethanol for one hour, filtered off, and dried in vacuo 

to give 0.143 g of the title compound product as a 0.50 water solvate as a white solid mo 247-248°C 

Anal. Calcd. for C23H2sN2O2.2Hao.5O H 2 0 : 
C, 61.88 ; H, 7.00 ; N, 6.28. 
Found : C, 61.86 ; H, 6.84 ; N, 6.21. 

EXAMPLE 336 

3,4-Dihydro-6-f(N-memyl)methane sulfonamidomethvlI-1H2-phenvlethvl) SP iror2H-1.h S n ? nm,r an -? 4: 
piperidine]-4-one hydrochloride " — '■ — 

• T i a ,. mixtu ? of 3 '^ ih y dr ^< mem y' amino ^ 

p.pend.neM-one hydrochloride (0.162 g, 0.37 mmol), triethylamine (0.076 g. 0.75 mmol) and pyridine (2 mL) 
was added methanesulfonyl chloride (0.061 g, 0.53 mmol) and the resulting mixture was stirred for 18 hours 
The m.xture was concentrated in vacuo and the residue was partitioned between 5 mL dilute sodium bicarbo- 
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nate solution and 15 mL methylene chloride. The layers were separated and the aqueous layer was extracted 
with methylene chloride (2x15 mL). The combined extract was washed with brine, dried over sodium sulfate, 
and filtered. The filtrate was concentrated in vacuo to give crude product which was purified by flash 
chromatography on silica gel eluting with 5 : 95 methanol : chloroform to give 0.100 g free-base as an oil. 
5 To a solution of the free-base in 1 mL ethanol was added 0.042 mL (0.25 mmol) 5.9 N hydrogen chloride 

title compound as a o.zo hydrate ana o.iu etnanoi solvate as an otr-wnite solid, mp 251-253°C. 
Anal. Calcd. for C^H^CUS-HCI-O^O H 2 O-0.10 CjHsOH : 
C, 59.95 ; H, 6.62 ; N, 5.75. 
10 Found : C, 59.65 ; H, 6.45 ; N, 5.65. 

EXAMPLE 337 

N-Methyl [(a^-dihydro-IXZ-phenylethyO-spiro^^-l-benzopyran^^'-piperidinel-^-one)-^ 
1S yl]methanesulfonamide Hydrochloride 

Step 1 : Sodium (3-acetyl-4-hydroxy)phenylmethylsulfonate 

A solution of 5'-(chloromethyI)-2'-hydroxyacetophenone (1.85 g, 10.0 mmol) and sodium sulfite (1.32 g, 
10.5 mmol) in water (10 mL) was heated at reflux for three hours. The cooled solution was washed with ether 
(2x10 mL) and concentrated in vacuo to give a solid which was dried in vacuo to give 2.87 g crude product 
20 containing sodium chloride and water. 

'HNMR (DMSO-d 6 ) : 6 11.73 (s, 1H), 7.77 (d, 1H), 7.49 (dd, 1H), 6.87 (d. 1H), 3.68 (s, 2H), 2.61 (s, 3H). 
Step 2 : 1'-Acetyl-S.^ihydr^spiro^H^I-bergopyran^^'-piperidine-^nel-e-ylmethanesulfonic acid 
A mixture of sodium (3-acetyl-4-hydroxy) phenylmethanesulfonate (2.57 g, 9 mmol) and pyrrolidine (0.64 
g, 9.0 mmol) in methanol (1 8 mL) was heated at 60°Cfor 15 minutes. A solution of N-acetyl-4-piperidone (1.27 
25 g, 9.0 mmol) in methanol (9 ml) was added and the mixture was stirred at 60°C for four hours. The mixture was 
concentrated in vacuo to give a residue which was dissolved in water (10 mL), acidified with 3 N hydrochloric 
acid, reconcentrated in vacuo and the resulting residue was extracted with methylene chloride (3 x 50 mL)-The 
extract was dried over Na 2 S0 4 , filtered and the filtrate concentrated to give a foam. The foam was dissolved 
in water (25 mL), basified with 20%sodium hydroxide solution to pH 10, and the solution was washed with ether 
30 (2 x 20 mi) to remove residual pyrolidine. The aqueous solution was acidified with 3 N hydrochloric acid and 
concentrated in vacuo to give a solid. The solid was extracted with hot acetonitrile (4 x 50 mL) leaving the insol- 
uble solid product (1 .21 g, 38%), mp 233-235°C. 

1 HNMR (DMSO-d 6 ) : 5 7.64 (d, 1H), 7.51 (dd, 1H), 6.98 (d, 1H), 4.21 (d, 1H), 3.67 (s 2H), 3.65 (d, 1H), 3.38 
(m, 1H),2.97(m, 1H), 2.80 (s 2H), 2.00 (s, 3H), 1.92 (m, 2H), 1.72 (m, 1H), 1.56 (m,1H). 

35 Step 3 : N-Methyl [(3.4-dihydro-1'-acetylspiro[(2H)-1-ben2opyran-2,4'-piperidine]-4-one-6-yl1-methanesul- 

fonamide *" " ~ " 

To a mixture of (1'-acetyl-3,4-dihydrospiro[(2H)-1-benzopyran-2,4'-piperidine-4-one]-6-yl) methanesul- 
fonic acid (1 .20 g, 2.9 mmol) and dimethylfoimamide (1 mL) in methylene chloride (20 mL) was added thionyl 
chloride (0.26 mL, 0.42 g, 3.5 mmol). The mixture was stirred three hours, then concentrated jn vacuo to give 

40 the sulfonyl chloride. To a solution of the sulfonyl chloride in methylene chloride (20 mL) cooled in an ice bath 
was added a cold solution of methylamine (0.20 g, 6.4 mmol) in 5 mL methylene chloride. The resulting mixture 
was stirred three hours with cooling, diluted with methylene chloride (60 mL) washed with 1N hydrochloric acid 
(1 0 mL), water (5 mL), and brine, dried over sodium sulfate, and filtered. The filtrate was concentrated in vacuo 
to give a gum which was purified by flash chromatography on silica gel eluting with 3 : 97 methanol : chloroform 

45 to give 0.36 g (34%) product as a foam. 

1 HNMR (CDCIj) : 8 7.83 (d, 1 H), 7.59 (dd, 1H), 7.04 (d, 1H), 4.42 (broad s, 1 H, -NH), 4.39 (d, 1 H), 4.20 (s, 2H), 
3.65 (d, 1H), 3.51 (m, 1H), 3.08 (m, 1H). 2.78 (d, 3H), 2.73 (s. 2H), 2.11 (s, 3H), 2.09 (m, 2H), 1.64 (m. 2H). 
Step 4 : N-MethylKS^dihydrospiro^Hyi-benzopyran-^^'-piperidineH-onej-S-yllmethanesulfonamide 
A solution of N-methyl[(3,4-dihydro-1'-acetylspiro[(2H)-1-benzopyran-2,4'-piperidine]-4-one-6- 

50 yljmethanesulfonamide (0.348 g, 0.95 mmol), 6N hydrochloric acid (1 .25 mL, 7.5 mmol), and 3.75 mL ethanol 
was heated at refluxfor 1 8 hours. The solution was concentrated in vacuo , the residue was placed under ethanol 
(1 0 mL), reconcentrated in vacuo placed under 1 : 1 ethanol : toluene (1 0 mL), reconcentrated in vacuo , placed 
under carbon tetrachloride (1 0 mL), reconcentrated and dried in vacuo to give a hygroscopic foam. The foam 
was stirred under ether (1 0 mL) for one hour, filtered off, and dried in vacuo to give the hydrochloride as a white 

55 solid mp 140-165°C. 

1 HNMR (DMSO-d 6 ) : 5 9.1 (broad s, 1H), 8.9 (broad s, 1H), 7.77 (d, 1H), 7.59 (dd, 1H), 7.15 (d, 1H). 6.94 (q, 
1H, -NHSOz), 4.35 (s, 2H), 3.25-3.02 (m, 4H), 2.93 (s, 2H), 2.58 (d, 3H), 2.1 1 (m, 2H), 1.92 (m, 2H). 

Step 5 : N-Methyl[(3,4-dihydro-1X2-phenylethyl)spiro[(2H)-1-benzopyran-2,4 , -piperidinel-4-one)-6- 
97 
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yl]methanesulfonamide hydrochloride 

A mixture of N-methyl[(3,4Klihydrospiro[(2H)-1-benzopyran-2 l 4'-piperidine]-^ne)-6-yl]rnethanesul- 
fonamide hydrochloride (0.144 g, 0.40 mmol), sodium bicarbonate (0.1 34 g, 1.50 mmol) (2-bromoethyl)benzene 
(0,1 13 mL, 0.148 g, 0.80 mmol), potassium iodide (0.066 g, 0.40 mmol) and acetonitrfle (5 mL) was heated at 
reflux for four hours. The mixture was concentrated in vacuo, the residue was diluted with saturated sodium 
bicaroonate solution no mL) and water (2 mL). and extracted with methylene chloride n * 15 mn The extract 
was washed with water (3 mL) and brine, dried over sodium, sulfate, and filtered. The filtrate was concentrated 
in vacuo to give a residue which was purified by flash chromatography to give 0.101 g free-base. 

To a suspension of the free base in ethanol (3 mL) was added 5.9N hydrogen chloride in ethanol (0.046 
ml 0.27 mmol) to give a precipitate. The precipitate was filtered off and dried irt vacuo to give the title compound 
as an off-white solid, (0.085 g, 45%), mp 142-145°C. 
Anal. Calcd.forC23H2sN2O4S HCI O.65 H 2 0 : 
C, 57.94 ; H, 6.41 ; N, 5.88. 
Found : C, 58.00 ; H, 6.68 ; N, 5.85. 

EXAMPLE 338 

N-Methyl[(34-dihydro-iq2-(4-cyanopheny^ 
methanesulfonamide Hydrochloride " 

A mixture of N-methylK3,4-dihydrospiro[(2H)-1-benzopyran-2,4'-p!peridineI-4-one-6-ylmethanesul- 
fonamide hydrochloride (0.144 g, 0.40 mmol), sodium bicarbonate (0.134 $. 1.60 mmol), 2-{4-cyanophenyl- 
)ethyl methanesulfonate (0.180 g, 0.80 mmol), potassium iodide (0.066 g, 0.40 mmol), and acetonitrile (5 ihL) 
was heated atrefluxforfour hours. In the same manner as Example 337 [P27J. purification and recrystallization 
from ethanol gave the title compound as an orange solid, (0.065 g, 33%), mp. 146-158°C. 
Anal. Calcd. for C24H27N3O4-HCI 0.25 CzHjOH : 
C, 58.67 ; H, 5.93 ; N, 8.38. 
Found : C, 58.96 ; H, 5.64 ; N, 8.29. 

EXAMPLE 339 

N-[(^[2-(5-Benzofurazanyl)e%I>3,4-dfo^^^ 
hanesulfonamide monohydrochloride. 

Ste Pl : Preparation of 5-amino-2-hydroxyacetophenone hydrochloride. 

5-Acetamido-2-hydroxyacetophenone (1 9.03 g, 98.5 mmoles) (prepared as described by C.T. Chang F C 
Chen K.K. Hsu, T. Ueng, and M. Hung, J. Chem. Soc. 3414 (1961)) dissolved in 300 mL of ethanol and 100 
mL of 6N aqueous HCI was heated at reflux for 8 hrs. The solution was concentrated in vacuo , and the residue 
was flushed with ethanol, and dried in vacuo to give 18.3 g (99%) of 5-amino-2-hydroxyacetophenone hyd- 
rochloride as a dark solid. 

Step 2 : Preparation of 5-methanesulfonamido-2-hydroxyacetophsnone 

A suspension of 5-amino-2-hydroxyacetophenone hydrochloride, 18.39 g (98 mmole) in 200 mL of 
methylene chloride cooled to 0°C was treated with 19.4 mL (240 mmol) of pyridine. Methanesulfonyl chloride 
7.74 mL (100 mmoles) was added dropwise. The mixture was stirred an additional 30 min at 0°C and then 
allowed to warm to room temperature over 1 hr. The mixture was diluted with 200 mL of methylene chloride 
and washed with 50 mL of 1N aqueous HCI. Concentration of the organic layer and trituration with methylene 
chloride gave a solid which was recrystalized from methylene chloride to give 15.45 g (69%) of 5-methanesul- 
fonamido-2-hydroxyacetophenone as a white solid (mp 121-1 22°C). 

Step 3 : Preparation of N(2-(4-aminophenyl)ethyl-1,4-dioxa-8-azaspiro[4.51-decane 

1,4-Dioxa-8-azaspiror4.5]-decane (18.62 g, 130 mmoles) in 50 mL of acetonitrile was stirred under argon 
and treated with anhydrous potassium carbonate (27.60 g, 200 mmoles). The mixture was cooled to 0°C and 
2-(4-nitrophenyl)ethylbromide (23.01 g, 100 mmoles) was added in one portion. After 10 minutes, the ice bath 
was removed and the reaction was stirred for 14 hrs at room temperature. The mixture was diluted with 220 
mL of ethyl acetate and 200 mL of water. The aqueous phase was separated, the organic phase washed with 
water (3 x 1 00 mL), and brine (2 x 50 mL). The organic portion was dried (Na2S04), filtered and concentrated 
to give 28.60 g (98%) of N(2.(4-nitrophenyl)ethyl-1,4-dioxa-8-azaspiro [4.5]-decane as a yellow solid. 

The crude N(2-(4-nitrophenyl)ethyl-1,4-dioxa-8-azaspiro[4.5]-decane (28.6 g) disolved in 170 mL of tet- 
rahydrofuran and 550 mL of absolute ethanol was treated with 4.0 grams of Raney nickel and shaken under 
an atmosphere of hydrogen (55 psig)for48 hrs. Filtration through celite, and concentration in vacuo gave 25.70 
g of N(2-(4-aminophenyI)ethy1)-1,4^ioxa-8-azaspiro[4.5]-decane (mp 96.5-99°C) as an off white solid (98% 
98 



from2-(4-nitrophenyl)ethylbromide). 

|tep_4 : Preparation of N(2-(4. a cetamino-3.nit ro-phenyl)ethvl-1 djggagjggriroM^M ecaneacetate 

^r2T? arf^n ^J 5 " ° f N < 2 "^ amino P | ^ en y | ) eth y | H.4-<Jioxa-8.azaspiro[4.5]-decane in 

SSSTrSS™^ ( £S > ?°° "I* 0 ' 5 ° C Und6r an ar9 °" atmos P here treated dropwise with acetic 

« hr A t i ^, 622 r°%,^.'2 C60n W3S a " 0Wed 10 re3Ch reom tem P erah "* "d was stirred for 
18 hr. After the addition of an additional 29.5 mL (317 mmnio^ *t 9ra ^ 

to fi°r: anrt a enl t>» f "W J /J 4 <ft ' ~ ..j-.u», ulc ioouuuii was uuuieu 

u,« a wHo,i^"""""Tu" " : -; ==: V;f'-™ , ~-" ,T,L '^^ : 1 by volume) 

wasaddeddropw.se . The reaction mrxture was allowed to reach room temperature and was stirred for 4 hours. 
The mixture was cooled .n an ice bath and 1 00 mL of saturated brine was added. The layers were separated 

fNa SO ^Z^JZ T T tl? methy,6ne tWOnde - The P° rti0 " «■» dned 

^a 2 S0 4 ). concenbated and flushed w.th toluene (3 x 200 mL). The crude product crystallized during concen- 

^ophenyl ) ethyl)-U-d.oxa-8- a zasp,ro[4.5]-decane acetic acid salt TLC K= O.80 (silica gel, 5% methanol in 

methylene chloride saturated with ammonia). 

§£P_5 ■" Preparation of 8-r 2-(benzofuroxan-5-yl)ethyl1.1,4-dioxa-8-aza soirnM fij^ano 

A suspension of 4.09 g (10.0 mmoles) ^^(^acetaminc-a-nitro-phenyOethylJ-l.^ioxa-S-azasDi^ 51- 

(5.22 g, 80 mmol) in 20 mL of methanol over 5 min. The temperature was allowed to warm to 25»C and the 
^r a HT d 'i hr rf So,id ; od °P he "y' di ^te (3.86 g, 12 mmol) was added and the mbcture was s«rr 
2u m n i"L add f nal POrt,0n ° f (0.32 g. 1 .0 mmol) was added and stirring was continued 

aSd 75 m" oJ wSer ^ * ^ 3nd ^ residue P artitioned be ^" 150 mL of ethyl acetate 

co JllttZ™*!^* 6 k ttle J ac ! u u eous ^ ™* ree ^ted (2 x 100 mL) with ethyl acetate. The 
trated to aisohd orange residue. The solid was triturated with hexane and dried in vacuo to give 2 78 g (91%) 

of 8-[2-(benzofuroxan-5-yl)eth y l]-1,4-dioxa-8-az a spiro^SJdecane (mp 117-119^0) ° ( ' 

|tep_6 : Pr eparation of 8-r 2-(ben 2 ofurazan-5-v»-ethvlM.4-di ft v fl .»-^ a « pirn( A 5]decane 
♦h fSS )n , < f 8 -I 2 -< benzofuroxa n-5-y'>ethylM,4slioxa^-aza s P iro[4.5]decane (24.0 g, 78.6 mmol) in 
ethanoU240 mL) was treated with triethylphosphite (27.5 mL, 157 mmol) and heated" at reL for 2 5 ho L 
The rn'xtureMras concentrated andflushed with hexanes (2x200 mL), and thendilutedwith4oCL 0 7hex a nS 
s^r^ C0 "f ed by H filtrati ?^° ^ 19 " 3 9 ( 82% ^^ben Z ofurazan-^)eth y .].l^ 

Step 7 : Preparation of 1-[2-(benzoiurazan-5-yl)ethvllDiperidin-4-one 

A solution i of 8-[2-{benzofurazan-5-y!)ethyl]-l.4^ioxa-8-aza spiro[4.5]decane (20.0 g, 69 1 mmol) in 1N 
wrfh 40% aqueous ; sodum hydroxide and extracted with ethyl acetate (250 mL then 100 mL). The combined 

S *7r aShe T ' N aqUe ° US HCI {2 °° mL ""^ The acid were heated to r 
for 1 h and then cooled. Basrfication as above, extraction into ethyl acetate, drying (Na2S04) concentration 

HP L £™ 

28 3 4 m : acetonitri!e > flow= 2-° mL/ min, Waters (^micro bondapak 

Asolutionof5^ethanesulfonamido.2.hydroxyacetophenone{5.58g > 24.3rr J noO 
24.3 mmol) in methano.(30mL) was v^^ed to 60X and treated with l^ber^ofuL^ 

ml a n- n ,^S i ' , 6 reS ' dUe WM chromat °9 ra P hed °n silica gel eluHng with ethyl acetate then 3% 
ow2 l^SS? ? h nCentrati0n °!j he a PP"Priatefmctions and crystalization from isopropvi acetate 
prov.ded8.2g(74%)ofmethanesulfonamide.N^1^r2(5.benzofurazanyl)ethyIJ-3,4^ 
benzopyran-2 4'.piperidin^-yl]. This was converted to its hy 

free base ,n d.lute aqueous HQ at 90<>C (2 eq HCI, 1 0 g in 1 .5 L) cooling to precipitate, filtra on and S 
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3,4 Dihydro-l'-P-phenylethyj-S-cyano-spiropH-l-benzopyran-a^'-piperidinH-one hydrochloride -1/2 
HaO-1/3 ethanol. ~~~~~ ~ 
~ A solution of 5-cyano-2-hydroxyacetophenone (806 mgs, 5 mmol) (prepared as described by N.G.P. Ellis. 
D. Shaw, J. Chem. Soc. Perkin I 779-783 (1972)) and pyrrolidine (0.42 mL, 5 rnmol) in methanol (6 mL) was 
warmed to 60°C and treated with 1-[2-phenyIethyI]piperidin-4-one (1.102 g, 5 mmol). The reaction was stirred 
at eu"u ror i nr, cooled to room temperature, and concentrated in vacuo to an nil The residue was 
chromatographed on silica gel eluting with ethyl acetate to give 500 mg of which 250 mg free base which was 
converted to the hydrochloride salt in ethanol at 0°C yield 270 mps of a solid after filtration and drying in vacuo 
mp=253-255°C(dec) -HCI-1/2 H z O-1/3 C^O. 



EXAMPLE 341 



Spiror2H-1-benzopyran-2,4'-piperidine]-6-amino-sulfony^ 
monohydrochloride " ~" " 

Step 1 : Preparation of 3-acetyl-4-hydroxy-benzenesulfonyl chloride 

A mixture of 3-macetyl-4-hydroxy-benzenesulfonic acid (3.0 g) (prepared according to T. Pfliegel et. al., 
Acta Chim. Acad. Sci. Hung., 98(2) 231-240(1978)) in tetramethylenesulfone (6 mL) and acetonitrile (6 mL) 
under argon was treated with triethylamine (1.94 mL) and N,N-dimethylacetamide (0.32 mL). This was stirred 
for 30 min and POCI 3 was added dropwise maintaining the temperature below 25°C. The reaction was stirred 
for 24 hr, cooled to 10°C and quenched with water (15 mL). This mixture was warmed to 60°C and stirred for 
1 hr, at which point a precipitate formed which was then filtered and dried to give 2.34 g (72%) of 3-acetyl-4- 
hydroxy-benzenesulfonylchloride. 

*H NMR (CDCI* 300 MHz) : 8 2.80 (s, 3H) ; 7J25 (d, J=12Hz, 1H) ; 8.05 (dd, J=3, 12 Hz, 1H) : 8 4 (d J=3Hz 
1H); 12.75 (s.1H). * 

Step 2 : Preparation of N-methyl-3-acetyl-4-hydroxy-benzenesulfonic acid amide. 

A saturated solution of monomethyl amine in acetonitrile cooled to 0°C was treated with 3-acetyl-4-hyd- 
roxy-benzenesulfonyl chloride. The mixture was stirred 5 min, concentrated in vacuo , to an oil, disolved in ethyl 
acetate and treated with 1 N aqueous HCI. The organic portion was separated, concentrated, filtered through 
silica gel (eluted with ethyl acetate) to provide N-methyl-3-acetyl-4-hydroxy-benzenesulfonic acid amide after 
concentration. 

'H NMR (300 MHz, CDCI 3 ) : 8 2.70 (s. 3H) ; 2.71 (s, 3H) ; 4.4 (bs, 1H) ; 7.10 (d, J=12Hz, 1H) ; 7.95 (dd 
J=3,12Hz,1H); 8.30 (d,J=3Hz,1H); 12.75 (s1H). ' 

ste P 3 : Preparation of Spiro[2H-1-benzopyran-2,4'-piperidine]-6-aminosulfonyl-1 '-I2-phenyi-eth vn-3.4-di- 
hydro-N-methyl-4-oxo, monohydrochloride ~ " 1 

Following a procedure similar to that for Step8of Example 339 for the preparation of methanesulfonamide 
N-[142-(5-benzofurazanyl)ethyl]-3,4-dihydro^xospiroI2H-[1-benzopyran-2,4'-piperidinh6-yl]-, monohyd- 
rochloride substituting N-methyl-3-acetyl-4-hydroxybenzenesulfonic acid amide for 5-methanesulfonamido-2- 
hydroxyacetophenone and 1-phenethyl-piperidin-4-onefor 1-[2-(benzofurazan-5-yl)ethyl]piperidin-4-one there 
was obtained spiropH-l-benzopyran^^'-piperidinel-e-aminosulfonyl-l'-p-phenylethyll-SAdihydro-N-me- 
thyl-4-oxo, monohydrochloride0.3 H 2 0, mp = 232-233°C (dec). 

EXAMPLE 342 



Spiro[2H-1-benzopyran-2,4 > -piperidine1-6-aminosulfonyl-1'-[2-phenvlethyl]-3,4-dihydra4- oxo.monohvd- 
rochloride - 

Step 1 : Preparation of 3-acetyl-4-hydroxy-benzenesulfonic acid amide 

The title compound was prepared in a similar manner as for the preparation of N-methyl-3-acetyl-4-hyd- 
roxy-benzenesulfonic acid amide, but substituting ammonia for mono methyl amine. 

Step_2: Preparation of Spiro[2H-1-benzopyran-2,4'-piperidinel-6-aminosulfonyl-r-[2-phenyleth vn-3.4. 
dihydro-4-oxo, monohydrochloride — — _ •__ 

This was prepared in a manner similar to the preparation of spiro[2H-1-benzopyran-2,4'-piperidine]-6-ami- 
nosu!fonyl-1'-[2-phenylethyl]-3 l 4-dihydro-N-methyl-4-oxo, monohydrochloride but using 3-acetyl-4-hydroxy- 
benzenesulfonic acid amide in place of 5-methanesulfonamido-2-hydroxyacetophenone to give 
spiropH-l-benzopyran^^'-piperidineJ-e-amino-sulfonyl-l'-P-phenyl-ethyq-S^dihydro^-oxo, monohyd- 
rochloride mp=265-266°C. 

Employing the procedure described in Examples 340, 341 and 342, but substituting the appropriate 2-hyd- 
roxy-5-substituted acetophenone and the appropriate 1-substituted 4-piperidinone there were obtained the 
compounds of Table XXII. 
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10 



15 



20 



EXAMPLE 




BM 


SALT 


MPC e c3 


343 


NC- a 


-CUCBjPh 


•HC1 

•1/2 H^O 

•1 /3C^CHjOH 


253-55Cdec) 


344 


CH,C- b 


-ci^CHaPh 


-HC1 


228-230Cdac) 


345 


CH 3 SQ2- C 


-CHjCH a Ph 


•HC1 


253-255(dec) 


346 


O 
11 

CH 3 C- 


£€T co 




214-220(dec) 


347 


CH3S0 2 - 


-CH,CHj-^^CN 


•HC1 
•1/4HaO 


156-158 


348 


CHjSCfe- 




•HCl 
•0. 5BjO 


194-196(dec) 


349 


CH 3 S0 2 - e 




-HC1 
*0. 5H 2 0 


218-222 


350 


CH 3 S0 2 - e 




-HC1 


225-228 



45 



50 



101 



TAgLE mi CQNT°p 



10 



351 
352 



£0 

-CI^CJ 



HjIO0 2 - -CHjCft— CM 

"OCX. 



«HC1 
•O. 15 

^CCR.CHjOjCaCIit,) 

•0. fiCHgCHjOH 
"0. 15H 2 0 
•HC1 
•HC1 

•0. 15Hfe,0 
•HC1 

•a. 33,0 



1 A2Cd) 

254-256(dec) 
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TAttT.F. srri cont'd 






EXAMPLE 


R 1 


KM 


lei 


K P. C° C D 


358 


MSSOjHN 




•0. 3311,0 


20B-211COec. ) 


359 


hfeSOjHN 


OII CH 


HC1 

•0. SHjO 


245-248(Dec. ) 


360 


MsO 




HC1 


271-273CDec. ) 


361 


MsO 




HCl 


244-246CDBC- ) 




F 


s 


HC1 


268-270CDBC. ) 




F 




HCl 


270-272(Dec. ) 


364 


MjSOj 


-CCH,) S CH 3 


HCl 




365 


MaSOj 




HCl 


238-240(Dec. ) 


366 


HO 


-CCH,) a -^-CN 




276-279(Dec. ) 


367 


HO 


-CCH,) fl CH, 




243-245 


368 


HO 




HCl 





a) hydroxyacetophenone prep, according to G.P. Ellis, D. Shaw, J. Chem. Soc. Perkin I 779-783 (1972) 

b) hydroxyacetophenone prep, according to N.K. Sangwan. B.S. Verma, K.S. Dhindsa Ind. J. Chem. , 
25B 672-674 (1986) 

c) hydroxyacetophenone prep, according to K. Burdeska, Synthesis (1 1) 940-942 (1982) 
EXAMPLE 369 

Spiro[2H-1-bergopyran-2,4'-piperidine]-6-amino-cart 
rochloride 

A solution of 3,4-dihydro-142-phenylethylcyanospiropH-1-benzopyran-2,4'-piperidin]-4-one (0.30 g, 0.87 
mmol) in tetrahydrofuran (10 mL) and methanol (3 mL) was stirred at 0°C. Aqueous KOH in water (1N, 6 mL) 
and hydrogen peroxide (0.6 mL) was added dropwise and the reaction was stirred for 2.5 hrs. The reaction 
was quenched with 1 0% aqueous sodium bisulfite and the product was extracted with ethyl acetate. The organic 
portion was washed with 10% aqueous sodium carbonate, water, and brine, dried (Na^O^, concentrated and 
chromatographed (silica gel, 5% methanol in methlyene chloride) to give spiro[2H-1-benzopyran-2,4'-piperi- 
dine]-6-aminocarbonyl-1'-t2-phenylethyl]-3,4-dihydro-4-oxo, monohydrochloride (140 mg) after conversion to 
the salt in ethanol ; mp 261-263.5°C (dec). 



EXAMPLE 370 
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SpiroI2H-1-benzopyran-2,4'-piperidine]-6-(^rbO)iy-142-phenylethyll-3,4-dihydfo-4-oxo.monohyd- 
ro chloride 

A mixture of 3,4-dihydro-1'-[2-phenylethyl-6-cyano-spiro[2H-1-benzopyran-2,4'-piperidin]-4-one (500 mg) 
in 30 mL of 4N aqueous HCI was refluxed for 18 hrs. The mixture was diluted with isopropyl alcohol and con- 
centrated. This was rediluted with isopropyl alcohol, cooled to 0°C and the resulting solid isolated by filtration 
and drying in vacuo , yieid 0.5 i g (»07o) of spiroi2H-i-benzopyran-2,4 i3ipenainej-bK:arD0)Q/-lH^-pneriyietnyij- 
3,4-dihydro-4-oxo, monohydrochloride0.3 H2O, mp = 264-265 6 C (dec). 

EXAMPLE 371 

Spiro[2H-1-benzopyran-2,4 , -piperidine]-6-[2-[4.5-dihydro-1H-imidazoyl]]-1 , -[2-phenylethyll-3 
oxo. dihydrochloride 

A solution of 3,4Klihydro-142-phenylethyl-6-cyano-spiro[2H-1-benzopvran-2,4'-piperidin]-4-one (0.30 g, 
0.87 mmol) in methanol (30 mL) was cooled to 0°C and treated with HCI gas until the solution was saturated. 
This was allowed to warm to room temperature and stirred 18 hrs. The mixture was concentrated in vacuo to 
an oil, redisolved in methanol (30 mL) and treated with 1,2-diamino-ethane(0.26 mL) and stirred at room tem- 
perature. The mixture was concentrated in vacuo and chromatographed (silica gel, methylene chloride/metha- 
nol/ammonium hydroxide (90 : 10 : 2)) to give after concentration of appropriate fractions and conversion to 
the hydrochloride salt with HCI in ethyl acetate 120 mg of spiro[2H-1-benzopyran-2,4'-piperidine]-6-[2-[4,5- 
dihydro-1 H-imidazoylTJ-1'-P-phenylethyl]-3,4-dihydrc-4-oxo,dihydrochloride dihydrochloride-0.5 H 2 0, 
mp=269-271°C. 

EXAMPLE 372 

Spiro[2H-1-benzopyran-2,4'-piperidinel-6-[2-[1H-^ 
rochloride 

A solution of spiro[2H-1-benzopyran-2,4'-piperidine]-6-r2-[4.5-dihydro-1H-imidazoyl]]-1'-|;2-phenylethyll- 
3,4-dihydro-4-oxo, dihydrochloride (0.218 g) in methylene chloride (50 mL) under an argon atmosphere was 
treated with BaMn0 4 (2.20 g) and the mixture stirred and refluxed for 48 hr. The mixture was filtered to remove 
solids and the cake washed with methanol (1 00 mL). The filtrate was concentrated and flash chromatographed 
(silica gel, methylene chloride/methanol/amonium hydroxide(90 : 10 : 2)) to give after concentration of approp- 
riate fractions and conversion to the hydrochloride salt with HCI, 65 mg of spiro[2H-1-benzopyran-2,4'-piperi- 
dine]-6-[2-[4,5-dihydro-1 H-imidazoyl]]-1 '-[2-phenylethy1]-3,4-dihydro4-oxo, dihydrochloride-0.2 H 2 O t 
mp=262-264°C (dec). 

EXAMPLE 373 

Spiro[2H-1-benzopyran-2,4'-piperidine]-6-amino<arbonyl-142-phenylethyn-3,4-dihydro-M-methyl-4-oxo, 
monohydrochloride 

A suspension of spiro[2H-1-benzopyran-2,4'-piperidine]-6-carboxy-1'-[2-phenylethyl]-3,4-dihydro-4-oxo. 
monohydrochloride (100 mg) in methylene chloride (10 mL) was treated with anhydrous dimethylformamide 
(0.005 mL) and oxalyl chloride (0.033 mL). This was stirred for 18 hrs at room temperature and then concen- 
trated to an oil. The oil was dissolved in methylene chloride and added to a cold (0°C) stirring solution of mono 
methyl amine (76 mg) in methylene chloride. After 5 minutes the mixture was concentrated and disolved in 
methylene chloride, washed with water, dried (Na 2 S0 4 ), and concentrated to an oil. The hydrochloride was for- 
med and crystalized from ethanol to give 102 mgs of spiro[2H-1-benzopyran-2,4'-piperidine]-6-aminocarbonyl- 
1'-[2-phenylethyl]-3,4-dihydro-N-methyl-4-oxo, monohydrochloride-0.3 H 2 O t mp = 246-248°C. 

EXAMPLE 374 

Spiro[2H-1-benzopyran-2,4'-piperidine]-6-amino-carbonyl-1'-[2-phenylethyl]-3,4-dihydro-N,N-dimethyl-4- 
oxo, monohydrochloride 

In a manner similar for the preparation of spiro[2H-1-benzopyran-2,4'-piperidine]-6-amino-carbonyl-1'-[2- 
phenylethyll-S^-dihydro-N-methyl^-oxo, monohydrochloride, but substituting dimethyl amine for mono- 
methylamine was prepared 

spiro[2H-1-benzopyran-2,4'-piperidine]-6-aminora^ 
monohydrochloride, mp = 259-261 °C. 
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EXAMPLE 375 

Trans-(+-)-N-[(1M6-Cyano-1 t 2,3,4-tetrahydro-1-h^^ 
zopyran-2,4'-piperidinel-4-one-6-yl-methanesulfonamide, monohydrochloride 

Step 1 : Preparation of 1,4-dioxa-8-(6'-cyano-1 , -oxa-1 , ,2 , ,3',4 , -tetrahydronaphth-2 , -yl)-8-azaspiro[4.5]de- 

A suiiiuon of S-oysriG-ioufSiiri-l-Gns (1.712 9 ~mc!) (prcpsrcd cc dcocnbcd by H. L. A!!:ngsr — ■- ■ 
Jones, J. Org. Chem., 27 70-76(1 962)) in 25 mL of anhydrous tetrahydrofuran (THF) cooled to -10°C and under 
an argon atmosphere was treated dropwise with a solution of phenyltrimethyiammonium tribromide (3.76 g, 1 0 
mmol) in THF (25 mL) over one hour. The reaction was quenched with an aqueous solution of 10% sodium 
thio- sulfate and saturated aqueous sodium bicarbonate. The mixture was extracted with ethyl acetate (3 x 75 
mL), the organic portion washed with water (3 x 50 mL) and brine, dried (Na 2 S0 4 ) and concentrated to give 
2.50 g of an orange solid (100%). The crude product was disolved in 25 mL of anhydrous dimethylfomamide 
(DMF) and added to a solution of 5.73 g (40 mmol) 1,4-dioxa-8-azaspiro [4.5]-decane in 25 mL of DMF cooled 
to -1 5°C over 15 min. The reaction was stirred an additional 2 hrs while the temperature was allowed to warm 
to -5°C. The mixture was diluted with ethyl acetate (200 mL) washed with water (3 x 150 mL) and then 1N 
aqueous HCI (2 x 40 mL). The acid washes were combined and washed with ethyl acetate (50 mL). Neutrali- 
zation with saturated aqueous NaHC0 3 , extraction into ethyl acetate (300 mL) drying (Na2S04), and concen- 
tration afforded 2.2 g (67%) of 1,4-dioxa-8-(6 , -cyano-1'-oxa-1',2',3',4'-tetrahydronaphth-2'-yl)-8-azaspiro 
[4.5]decane. 

Step 2 : Preparation of Trans-1,4-Dioxa-8-(6'-cyano-1'-hydroxy-1',2 , ,3',4'-tetrahydronaphth-2'-yl)-8-azas- 
piro[4.5]decane 

A solution of lithium aluminum hydride (19.2 mL, 0.5 M in diglyme) was cooled to -20°C under argon and 
treated dropwise with 2.0 grams of 1,4-dioxa-8-(6'-cyano-1'^xa-1^2^3^4'-tetrahydronaphth-2'-yl)-8-azas- 
piro[4.5]decane (6.40 mmol) in 50 mL of diglyme over 25 min. The reaction was quenched with a saturated 
aqueous solution of sodium potassium tartrate (25 mL) and extracted with ethyl acetate. The organic portion 
was washed with water, and the product extracted into 1N HCI. The acid extract was washed with ether (10 x 
100 mL) and bas'rfied with saturated sodium bicarbonate. The product was extracted into ethyl acetate which 
was washed with water and brine, dried (Na 2 S0 4 ), and concentrated in vacuo to give crude product yield 1 .51 
g. This was subjected to flash chromatography (silica gel, 75% ethyl acetate in hexane) which provided 600 
mg of trans-l^dioxa-SKe'-cyanc-r-hydroxy-l^ 99.6% 
pure (HPLC), 300 mg 98% pure and 100 mg 90% pure. (The minor component was the cis stereoisomer.) 1 H 
NMR (300 MHz,CDCI 3 ) : 8 1.55-1.90 (m, 5H) ; 2.04-2.15 (m. 1H) ; 2.55 (m, 2H) ; 2.66 (m, 1H) ; 2.8O-3.03 (m. 
4H) ; 3.97 (s, 4H) ; 4.58 (d, J=10Hz, 1H) ; 7.36 (s. 1H) ; 8.49 (d, J=8Hz, 1H) ; 7.70 (d, J=8Hz, 1H). 

Step 3 : Preparation of Trans^t-VN^I'^e-Cyano-IAS^tetrahydro-l-hydroxy^-naphthalenylj-S^-dihy- 
dro-spiro[(2H)-1-benzopyran-2,4'-piperidine]-4-orie)-6-yl-methanesulfonamide ( monohydrochloride 

A solution of 600 mg (1.91 mmol) of trans-l^ioxa-SHe'-cyano-l'-hydroxy-l'^'.S'.^'-tetrahydronaphth- 
2'-yl)-8-azaspiro[4.5]decane in 25 mL of 1 N HCI was heated to 1 00°C for 1 .5 hr and cooled to room temperature. 
The mixture was neutralized with saturated Na 2 C0 3 , extracted with methylene chloride (3 x 30 mL), and the 
organic portion dried (Na 2 S0 4 ). Concentration in vacuo provided 520 mg (100%) of trans-N-(6'-cyano-1'-hyd- 
roxy-1',2',3',4'-tetrahydronaphth-2'-yl)-4-piperidinone. This material was suspended in 10 mL of methanol war- 
med to 60°C, and stirred under argon. In a separate flask, a solution of 5-sulfonamido-2-hydroxyacetophenone 
(0.876 g, 3.82 mmol) and pyrrolidine (0.319 mL, 3.82 mmol) in methanol (2.0 mL) was warmed to 60°C for 10 
min. This solution was transfered to the trans-N^e'-cyano-l'-hydroxy-l'^'.S'/'-tetrahydronaphth^'-yl)-^ 
piperidinone and the final mixture stined for 1 .5 hrs at 60°C. Concentration in vacuo and chromatography (silica 
gel, 1% methanol in methylene chloride to 2.5% methanol in methylene chloride) provided after concentration 
of appropriate fractions, and recrystallization from ethanol, the free base (450 mgs) of trans-(+-)-methanesul- 
fonamide, N-{1M6-cyano-1,2,3,4-tetrahydro-1-hyd 

zopyran-2,4'-piperidin}-6-yl-, as a pale yellow solid. This was suspended in ethanol containing 10% methanol 
and treated with 1.3 N HCI in isopropanol to furnish the hydrochloride salt after concentration and trituration 
with ethanol. This was dried in vacuo to give 470 mgs trans-(+-)-methanesuifonamide, N-{1 '-(6-cyano-1 ,2,3,4- 
tetrahydro-1-hydroxy-2-naphthalenyl)-3,4^ihydro-4-oxospiro[2H-1-benzopyran-2,4'-pip^ridin>6-yl^ mono- 
hydrochloride (MP = 193-196°C) which contained 0.3 mole equivalents of ethanol by NMR and 0.35 mole 
equivalents of water by microanalysis. 

Essentially employing the procedure described in Example 375 there were obtained the compounds of 
Table XXIII. 
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TABLE mil 



CHaSC^HN 




EXAMPLE 




SALT 



M.P. ( 0 0 



376 



1.0 EC1 

0.3 CH 3 CH a OH 

0.6 HzO 



199-203(dec) 



377 




CO 



1.0 HCl 
0.6 I^O 



195-197 



378 




1. 0 IE1 



223. 5-224Cdec) 



EXAMPLE 379 

Trans(+-)-Methanesulfonamide. N-[3,4-dihydro-4-oxo-1 '-(1 ,2,3.4-tetrahydro-3-hydroxy-2-naphthale- 
nyQspiroPH-l-benzppyran-^'-piperidinel-S-yl-, monohydrochloride 

Step 1 : Preparation of trans-l.^dioxa-S^Z'-hydroxy-l'^'.S'^'-tetrahydronaphth-S'-yQ-S-aza-spi- 
ro[4.5]decane 

A stirred solution of 1,4-dihydronaphthalene (1.0 g, 7.7 mmol) in 20 mL of methylene chloride was treated 
with saturated aqueous sodium bicarbonate (8 mL) and meta-chloroperoxybenzoic acid (1.72 g of 80% pure, 
8 mmol). After 20 hours at room temperature the mixture was diluted with methylene chloride (200 mL) and 
washed with saturated aqueous sodium bicarbonate, water, and brine. The organic portion was dried (Na 2 S0 4 ), 
concentrated to an oil and disolved in ethanol (15 mL). 1,4-Dioxa-8-aza spiro[4.5]decane (0.99 mL, 7.7 mmol) 
was added and the mixture refluxed for 20 hrs. The solvent was removed in vacuo and the residue partitioned 
between ether and water. This was extracted with 1N HCl and the aqueous layer washed with ether (3 x 50 
mL). The aqueous layer was basrfied with 40% NaOH and then extracted with ether (4 x 50 mL). The organic 
portion was dried (Na 2 S0 4 ) and concentrate to a gummy solid which was crystallized from ether to give 0.95 
g (43%) trans-1,4<lioxa-8-(2'-hydroxy-1^2^3',4'-tetrahydronaphth-3'-yI)-8-azaspiro[4.5]decane as a white 
solid. 

iH NMR (CDCI 3 , 300 MHz) : 8 1.81 (m, 4H) ; 2.61 (m, 2H) ; 2.75-2.90 (m, 6H) ; 3.31 (dd, 1H) ; 3.85 (m, 1H) ; 
3.98 (s, 4H) ; 4.37 (s, 1H) ; 7.10 (m, 4H). 

Step 2 and Step 3 are carried out in the manner of Step 7 and Step 8 for the preparaton of methanesul- 
fonamide,rH142-(5-benzofurazanyl)ethyl]^,^ 

monohydrochloride substituting trans-1,4-dioxa-8-(2'-hydroxy-1'^2',3',4'-tetrahydronaphth-3'-yl)-8-azas- 
piro[4.5]decane to give trans(+-)methanesulfonamide, NH[3,4-dihydro-4-oxo-r-(1^,3,4-tetrahydro-3-hydroxy- 
2-naphthalenyI)spiro[2H-1-benzopyran-2,4'-piperidine]-6-yI-, monohydrochloride in 40% yield, mp = 
276-277°C(dec). 

EXAMPLE 380 

Trans(t)-Methanesulfonamide, N-[3,4-dihydro-4-oxo-1 '-[1 ,2,3,4-tetrahydro-3-(2-methoxyethoxy)-2-na- 
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phthalenyl]spiror2H-1-benzppyran-2,4'-piperidine]-6-yl-, monohydrochloride 

Step 1 : Preparation of trans-1 ,4-dioxa-8-(2M2'Mnethoxyetrioxy)-1 '.y.a'^'-tetrahydronaphth-S'-yl)-^ 
azaspiro[4.5]decane 

A solution of trans-1 ,4-dioxa-8-(2'-hydroxy-1 ',2',3',4'-tetrahydronaphtri-3'-yl)-fi-azaspiro[4.5]decane 
(289.4 mgs, 1.0 mmol) in dimethyl formamide (2.0 mL) was treated with sodium hydride(50% by weight in oil, 
225 rr."S, 4.7 mmo!) * nri sKir«ri for 30 min. This was treated with 2-bromoethyl methyl ether (0.48 g, 3.42 mmol) 

' ' . a i ti... I I ...:n v — ..J sthsr ft v m mH 

ana siirrea airoom usmpeiaiuie mo. mra »»««> nw"" 1 ™ »«-«-■ — — — » •- 

The product was extracted into aqueous 1N HQ and then after basification of the aqueous layer into ether. 
The organic portion was dried (Na 2 S0 4 ) and concentrated to give trans-1 , 4-dioxa-8-(2'-(2"-methoxy-ethoxy)- 
1',2',3',4'-tetrahydronaphth-3'-yl)-8-a2aspiro[4.5]decane as an oil (260 mg. 90%). 

i|4 NMR (300 MHz, CDCl 3 ) : 5 1.74 (t 4H) ; 2.74 (t, 4H) ; 2.80-3.20 (m, 5H) ; 3.40 (s, 3H) ; 3.58 (m, 1 H) ; 3.65- 
3.90 (m, 3H) ; 3.97 (s, 4H) ; 7.10 (m, 4H). 

Step 2 and Step 3 were carried out in the manner of Step 7 and Step 8 for the preparation of methanesul- 
fonamide.N-[142-(5-benzofurazanyl)ethyl]-3,4^ihydr^ 

monohydrochloride, but substituting trans-1 ,4-dioxa-8-(2'-(2"-methoxyethoxy)-1 '.2',3'.4'-tetrahydronaphth-3'- 
yi)-8-azaspiro[4.5]decane to give trans(+-)-methanesu!fonamide, N-[3,4-dihydro-4-oxo-1'-[1,2,3,4-tetrahydro- 
3-(2-methoxyethoxy)-2-naphthalenyl]spiro[2H-1-bereppvran-2,4'-piperidine]6-yl-, monohydrochloride. mp = 
254-256°C (dec). 

EXAMPLE 381 

Methanesulfonamide, N-rr-(6-cyano-1,2,3 t 4-tetrahydro-2-naphthalenyl)-3,4-dihydrc>4-oxospiro-[2H-1- 
benzopyran-2,4'-piperidin]-6-yl]-, monohydrochloride and separation into its enantiomers 
Step 1 : Preparation of 6-cyano-2-tetralone 

Aflame dried 1 liter round bottom flask with argon inlet, digital thermometer, and magnetic stir bar, was 
charged with a 68% NaCN/alumina mixture (21.22 g, 433 mmol)(NaCN and alumina were ground together in 
a morter and pestle according to the procedure of Dalton et al. J. Org. Chem., 44, (24) 4443(1979)), and tet- 
rakis(triphenylphospine) palladium(0) (10.0 g, 8.65 mmol). The flask was purged three times via vacuum with 
argon and a solution of 6-bromo-2-tetralone (19.46 g, 86.5 mmol) in degassed toluene (400 mL) was added. 
The mixture was heated to 80°C and stirred for 64 hrs at that temperature. Analysis by HPLC indicated 89% 
conversion (HPLC conditions, column : Waters C18 Bondapak, eluent : 80 :20 (0.1% H 3 P0 4 in H z O ; CH 3 CN), 
flow : 2 mL/min, wavelength : 220 nm. Rt : bromotetralone = 9.65 min, cyanotetralone = 3.46 min). The reaction 
was cooled and the mixture filtered through silica gel (elution with 60% ethyl acetate in hexane.) Concentration 
of the appropriate fractions gave 9.4 g (68%) of 6-cyano-2-tetralone (98.7% by HPLC). 
'H NMR (300 MHz,CDCI 3 ) : 5 2.56 (t, J=7Hz. 2H) ; 3.12 (t, J=7Hz. 2H) ; 3.65 (s, 2H). 7.24 (d, J=9Hz, 1H) ; 7.52 
(d,J=9Hz,1H);7.57(s,1H). 

Step 2 : Preparation of 1,4-dioxa-S^(6'-cya^o^1^2^3^4 , -tetrahyd^onaphth-2'-yl)'8-azaspiro[4.51decane 
hydrochloride 

A 500 mL round bottom flask fitted with an argon inlet, and Dean-Stark apparatus was charged with a sol- 
ution of 6-cyano-2-tetralone (8.4 g. 49.0 mmol) in toluene (150 mL). Para-toluenesulfonic acid (0.40 g. 2 mmol) 
and l,4-dioxa-8-azaspiro[4.5}-decane (7.90 g, 54.0 mmol) were added and the stirred mixture heated to reflux 
and the water removed (4.5 hrs). The mixture was cooled, and concentrated to an oil in vacuo . The oil was 
disolved in anhydrous tetrahydrofuran (400 mL) and cooled to 0°C under argon. Dry HCI gas was introduced 
(<10°C) and a solid precipitate formed. The mixture was concentrated on a rotary evaporator to approximately 
50 mL. Anhydrous tetrahydrofuran (250 mL) was added and the mixture stirred and cooled to 0°C. Sodium 
cyanoborohydride (4.2 g, 63 mmol) was added in two portions. The reaction was allowed to warm gradually to 
room temperature and stirred 16 hrs. This was quenched with 1N aqueous sodium hydroxide (160 mL) and 
stirred for 0.5 hr (pH=13.5). The layers were separated and the aqueous layer was washed with diethyl ether 
(2 x 200 mL). The combined organic layers were combined and concentrated on a rotary evaporator to an oil 
which was disolved into methylene chloride (200 mL). This was washed with saturated aqueous NaCI and then 
stirred with 1N HCI (100 mL) for 15 minutes. The layers were seperated and the aqueous was extracted with 
methylene chloride (2 x 100 mL). The combine methylene chloride extract was concentrated on a rotary 
evaporator and ethyl acetate (200 mL) was added during the distillation to effect crystallization. The resultant 
slurry was cooled to 0°C for 3 hrs and the 1,4-dioxa-8-(6'-cyano-1 , ,2',3',4'-tetrahydronaphth-2'-yl)-8-azas- 
piro[4.5]decane hydrochloride was collected by filtration (8.70 g, 53%). A second crop was obtained upon con- 
centration of the mother liqours and dilution with diethyl ether (3.6 g, 22%). The combined solids were 98% 
pure by HPLC. 

Step 3 : Resolution of 1 ,4-dioxa-8-(6'-cyano- 1',2 , t 3 , ,4'-tetrahydronaphth-2'-yl)-8-azaspiro[4.5]decane 
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To a solution of 5.00 g (0.0168 mol) of racemic 1-4-dioxa-8-(6'-cyano-1',2',3',4'-tetrahydf-onaphth-2'-yl)-8- 
azaspiro[4.5]decane in 500 mL of boiling absolute ethanol was added 6.47 g (0.01676 mol) of di-p-toluoyl-D- 
tartaric acid. The solution was concentrated by boiling to 450 mL and allowed to stand overnight at room 
temperature. The product that crystallized was removed by filtration and was washed with ethanol to give 4.45 
of a salt, A. The filtrate and washings were combined and evaporated to give B. 

Th e e«! M A was roRrvet»!lr7e<< three times from absolute thanol to yield 2.82 g of salt having [alc ?9 = +1 06. 1 ° 
(c = 1 . 1 51 ; pyridine). This salt was converted to the free base using sodium bicarbonate solution and extracting 
into ethyl acetate. The ethyl acetate phase was dried over magnesium sulfate, filtered, and concentrated in 
vacuo to give 1.15 g of the (+)-enantiomerof the title compound : mp = 124-126°C ; [a] SB9 = +55.4° (c = 1.605; 
CHC£). 

The solid B was converted to the free base as described above to give 2.84 g of material. This solid (0.0O938 
mol) was dissolved in 275 mL of boiling ethanol and was treated with 3.794 g (0.00938 mol) of di-p-toluoyl-L- 
tartaric acid monohydrate. 

The salt that crystallized on cooling was collected by filtration and was washed with ethanol to give 4.47 
g of material having [a]^ = -102.6° (c = 1.131 ; pyridine). Recrystallization of this material from ethanol gave 
3.71 g of salt, [a]ssa - -106.1° (c = 0.985, pyridine), and further recrystallization from ethanol gave 3.24 g of 
salt having essentially no change in rotation, [alsss = -105.9" (c = 1.472, pyridine). This salt was converted to 
the free base as described above to give 1.34 g of the (-)-enantiomer of the title compound : mp = 124-126°C; 
Mseg = -54.5° (c = 1.954 ; CHCI3). 

Step 4 : Preparation of N-te'-cyano-l'^'.S'^'-tetrahydronaphth^-yljpiperidin-^ne 

A solution of 1 ,4-dioxa-8-(6'-cyano-1 ',2',3',4'-tetrahydronaphth-2'-yl)-8-azaspiro[4.5]decane hydrochloride 
(1 0.0 g, 30.0 mmol) or the resolved free base was disolved on 1 N HCI (1 00 mL). This was stirred and heated 
to 100°C under an argon atmosphere for 1 .5 hrs. The solution was cooled in an ice bath to 25°C and methylene 
chloride added (200 mL). The mixture was stirred and basified to pH 9.0 with saturated aqueous sodium car- 
bonate. The organic layer was separated and the aqueous extracted with methylene chloride (2 * 50 mL). The 
combined organic extract was dried (Na2S04), and concentrated to a foam to give 7.5 g (99%) of N-(6'-cya- 
no-1',2',3',4'-tetrahydronaphth-2'-yl)piperidin-4-one (98% by HPLC, HPLC conditions, column : Waters C18 
Bondapak, eluent : 85 :1 5 (0.1% H 3 P0 4 in H 2 0 : CH 3 CN), flow : 2 mL/min, wavelength : 220 nm, Rt : ketal=6.20 
min, ketone=2.1 min). 

Step 5 : Preparation of Methanesulfonamide, N-[1'-(6-cyano-1,2,3,4-tetrahydro-2-naphthalenyl)-3,4- 
dihydro-4-oxospiro[2H-1-benzopyran-2,4'-piperidin>6-ylKmonohydrochloride 

A solution of 2-hydroxy-5-methanesulfonamido acetophenone (5.58 g, 24.3 mmol), and pyrolidine (2.05 
mL, 24.3 mmol) in methanol (30 mL) was stirred at 60°C for 10 min. N-(6'-cyano-1',2',3',4'-tetrahydronaphth- 
2'-yl)piperidin-4-one (3.09 g, 12.2 mmol) was added in one portion and the mixture stirred for 1 .5 hrs at 60°C. 
The reaction was concentrated to an oil in vacuo and flash chromatographed (silica gel, ethyl acetate) to afford 
the product in appropriate fractions which were combined and concentrated to 350 mL and treated with 1.3N 
HCI in isopropyl alcohol. The precipitate was stirred 2hrs, filtered, and dried in vacuo (60°C, 0.1 torr) to give 
3.91 g (64%) of Methanesulfonamide, N-[1'-(6-cyano-1,2,3,4-tetrahydro-2-naphthalenyl)-3,4-dihy^ro-4-oxos- 
piro[2H-1-benzopyran-2,4'-piperidin]-6-yi]-, monohydrochloride, m = 250-252°O. 

Starting from the (+) 1,4-dioxa-8-(6'-cyano-1',2',3',4'-tetrahydronaphth-2'-yl)-8-azaspiro[4.5]decane the 
(+) enantiomer of methanesulfonamide, N-[1'-(6-cyano-1,2,3,4-tetrahydro-2-naphthalenyl)-3,4-dihydro-4- 
oxospiro[2H-1-benzopyran-2,4'-piperidin]-6-yl]-, monohydrochloride was obtained. [a] D = +40.7° (c=0.17 
MeOH) ; mp = 262-264°C (dec). 

Starting from the (-) l^-dioxa-B-te'-cyano-l'^'.S'^'-tetrahydronaphth-^-yO-B-azaspiro^.Sldecane the (-) 
enantiomer of methanesulfonamide, N-{1H6-cyano-1,2,3,4-tetrahydro-2-naphthalenyl)-3,4-dihydro-4-oxos- 
piro[2H-1-benzopyran-2,4'-piperidin}-6-ylI-, monohydrochloride was obtained. [a] D = -41.36° (c=0.191 MeOH); 
mp = 263-265*0 (dec). 

EXAMPLE 382 

(+) Methanesulfonamide, N-[1'-(6-cyano-1,2,3,4-tetrahydro-2-napthalenyl)-3,4-dihydro4-oxospiro[2H-1- 
benzopyran-2,4'-piperidin>6-yl]-, monohydrochloride [Alternate Method] 
Step 1 ; Preparation of 6-Bromo-2-tetralone 

A single neck 3 liter round bottom flask under an Ar atmosphere was charged with 4-bromo-phenyl acetic 
acid (250.0 g, 1.15 m), methylene chloride (1.5 L), and dimethylformamide (0.5 mL). This magnetically stirred 
solution was cooled to 0°C and treated dropwise with oxalyl chloride (156 mL, 1 .74 m). The reaction was allowed 
to reach room temperature and stirred 16 hrs. The reaction was concentrated on a rotary evaporator to 
approximately 1 L of volume. A separate dry 5 liter 3 neck round bottom flask under Ar, fitted with gas inlet 
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tube, overhead stirrer, and digital thermometer was charged with methylene chloride (1.5 L) and AICI 3 (312.0 
g, 2.34 m). This suspension was cooled to 0°C and stirred while the above solution of acid chloride was added 
to it slowly via cannula. When the addition was complete, ethylene gas was introduced for 1-2 hrs to the vigor- 
ously stirred suspension while maintaining the internal temperature at 15°C. Upon completion by HPLC. the 
5 reaction was warmed to room temperature and stirred for 0.5 hrs. The mixture was recooled to 0°C and cauti- 

nnslw niienr.heW slnvuly with u/flter M.fi I ) The layer* V"?r c ^eparst^d, 2nd th° atyjeOL'S Of!? WBShed with 500 
mil. uf iiieuiyieiie CiilOiiuc. The Oiyanio puiiiuii was wasiieu wiin 2ri aqueous HCi (2 x 5C0 mL), brine (400 mL), 

and saturated aqueous NaHC0 3 (2 x 800 mL). Each aqueous extract was washed with the same 500 mL 
methylene chloride extract from above. The methylene chloride extracts were combined, dried (Na 2 S0 4 ), fil- 
10 tered, and concentrated to approximately 500 mL of volume. This was then added to 5.0 L of hexane warmed 
to 50°C. The methylene chloride was distilled off and the hot solution decanted from an insoluble brown tar. 
The solution was allowed to cool to 25°C and placed in the freezer overnight The precipitate was collected 
and washed with hexane (200 mL), and dried in vacuo to give 229.0 g of the compound as a pale yellow solid 
(88%). 

15 Step 2 : Preparation of (±) 1 ^ioxa-S-^'- bromo-1 , ,2',3',4'-tetrahydronaphth-2'-yl)-8-azaspiro[4.5Idecane 
A3 L round bottom flask fitted with an argon inlet, and Deak-Stark apparatus was charged with a solution 
of 6-bromo-2-tetralone (1 00.0 g, 445 mmol) in toluene (2.0 L). Para-toluenesulfonic acid (0.50 g) and 1 ,4-dioxa- 
8-azaspiro[4,5J-decane (81.5 g, 489 mmol) were added and the stirred mixture heated to reflux and the water 
removed (4.5 hrs). The mixture was cooled, and concentrated to an oil in vacuo. The oil was dissolved in anhydr- 

20 ous tetrahydrofuran (1.5 L) and cooled to 0°C under argon. Dry HCI gas was introduced (at below 5°C) and a 
solid precipitate formed. Sodium cyanoborohydride (36.3 g, 578 mmol) was added in four portions. The reaction 
was allowed to warm gradually to room temperature and stirred 16 hrs. This was quenched with 1 N aqueous 
sodium hydroxide (500 mL) and stirred for 0.5 hr (pH=13.5). The mixture was concentrated on a rotary 
evaporator to removeTHF, and diluted with INNaOH (1.1 L) and diethyl ether (1.5 L). This mixture was-stirred 

25 15 min and the layers were separated and the aqueous layer was washed with diethyl ether (2 x 200 mL). The 
organic layers were combined, washed eith water (2 x 500 mL) and saturated aqueous NaCI (2 x 250 mL) and 
then with 1N HCI (1 x 1.0 L, 2 x 500 mL). The acid extracts were combined, stirred with methylene chloride 
(1 .0L), and basified with 40% aq. NaOH (pH=10). The layers were separated, and the aqueous extracted with 
methylene chloride (500 mL). The methylene chloride extracts were combined, dried (Na 2 S0 4 ), and concen- 

30 trated to an oil. The oil was flushed with toluene (2 x 400 mL) and dried in vacuo to give the title compound as 
a solid on standing (128.8 g, 87%) which was greaterthan 98% pure by HPLC and used in the next step without 
purification. Note : The amount of of excess HCI gas present (pH=3-4, THF suspension on wet pH paper) criti- 
cally determines the yield free amine. Additional HCI may be added during the introduction of the cyano 
borohydride. In runs in which the pH was not adjusted properly the yield was reduced to 50% ; the balance 

35 being a borane complex which was isolated from the ether layers. This borane complex could be quantitatively 
converted to the free amino by heating in 40% aq NaOH/ethylene glycol (1 :1) at 100°C. 
Step 3(a) : Preparation of Phenyl cyanate 

The title compound was prepared by a modification of the procedure described in Organic Syntheses . 61 , 
35 (1983). A 3-necked, 2 L R.B. flask, equipped with a 500 ml pressure equalized dropping funnel, a mechanicl 

40 stirrer and a thermometer, was charged with water and coled in an ice-salt bath. Cyanogen bromide (1 89.1 g, 
1.78 mol) was added and the mixture was stirred for 5 min. Phenol (160.0 g., 1.7 mol) in carbon tetrachloride 
(535 ml) was added in one portion. The mixture was stirred vigorously while triethylamine (236.9 ml, 172.0 g, 
1.7 mol) was added dropwise at a rate such that the reaction temperature did not exceed 5°C (total addition 
time = 45 min.). The mixture was stirred for a further 15 min. then transferred to a 2 L separatory funnel. The 

45 organic layer was separated and the aqueous layer was extracted with carbon tetrachloride (2 x 90 ml). The 
combined organic layers were washed with water (3 x 90 ml) then dried by stirring with phosphorus pentoxide 
(10 g) for 15 min. The mixture was filtered and the solvent was evaporated under reduced pressure (water 
aspirator) at 20°C to give a yellow oil. Polyphosphate ester (Y. Kanaoka, et al., Chem. Pharm. Bull'. , 13, 1065- 
1072 (1965)) (0.2 ml) was added and the mixture was distilled under reduced pressure through a 15 cm vigreux 

so column to give phenyl cyanate (165.8 g, 82%) as a colorless oil, b.p. 79-82°C (16 mmHg) 1 . The product was 
stored under nitrogen at-10°C (freezes). 
1H NMR (300 MHz, CDCI 3 ) S : 7.49-7.30 (5H, m). 

Step 3 (b) : Preparation of(±)1,4-Dioxa-8-(6 , -cyano-1 , ,2',3 , ,4',-tetrahydronapath-2yl)-8-azaspiro[4.5]de- 
cane 

55 (±)1,4-Dioxa-8-(6'-bromo-1\2',3\4-tetrahydronaphth-2-yl)-8-azaspiro[4.5]decane (70.4 g, 0.2 mol) under 
nitrogen in a 1 L R.B. flask was dissolved in anhydrous THF (600 ml, distilled from Na/benzophenone) and 
cooled to -75°C. Phenyl cyanate (26.06 ml, 28.5 g, 0.24 mol) dissolved in anhydrous THF (400 ml) under nit- 
rogen in a 2 L R.B. flask equipped with a digital thermometer was cooled to -75°C. n-Butyl lithium (1.6M in 
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hexane, 137.5 mL, 0.22 mmol) was added to over 5 min. to the bromide solution. Further n-butyl lithium (12.5 
ml, 0.02 mmol) was added to the phenyl cyanate solution. After 5 min., the lithiated bromide solution was added 
over 5 min., via cannual, to the phenyl cyanate solution (reaction temperature rises to -35°C). The mixture was 
stirred and cooled to -75°C for 30 min. then the cooling bath was removed and HCI-H 2 0 (1M, 200 mL) was 
added with vigorous stirring. The mixture was wanned to room temperature, diluted with HCI-H 2 0 (1M, 1800 
mL) and washed with ether (2 x 1000 mL.). Methylene chloride (1 nnn ml ) was arfHeH anrf the mixture v/as stirred 
and cooled in ice during the addition of aqueous sodium hudroxide 10 M, 1 80 mL). The layers were separated, 
and the aqueous layer was extracted with methylene chloride (500 mL). The combined organic layers were 
dried (Na 2 S0 4 ), and the solvent was evaporated under reduced pressure to give crude (i) 1,4-dioxa-8-(6'-cya- 
no-1',2',3',4'-tetrahydronaphth-2'yl)-8-a2aspiro[4.5]decane as a tan solid (56.2 g). Crude (±)1,4-dioxa-8-(6'- 
cyano-l'.a'.S'.^-tetrahydronaphth^'ylJ-e-azaspiro-I^-decane in three batches (56.4 g, 56.2 g, 27.7 g ; total 
140.3 g) were separately dissolved in refluxing methyl-cyclohexane (1000 mLeach) and combined by decanting 
into a 5 L, 4-necked flask equipped with a mechanical stirrer, thermometer, reflux condenser and a stopper. 
The mixture was heated to reflux (clear solution formed), then allowed to cool with stirring to room temperature, 
then to 5°C. The mixture was stored at -15°C for 1 5 hr. The solid was collected by filtration, washed with cold 
methyloyclohexane (2 X 150 ml) and dried in vacuo at room temperature to give the spirodecane as a pale yel- 
low solid (121.3 g), .m.p. 136-1 38°C. Purity = 99.3% 

Step 4 : Resolution of 1,4-dioxa-8-(6 , -cyano-V2 , ,3 , 4 , -tetrahydronaphth-2'-yl)-8-azaspiror4.5]decane 
A 12 L round bottom flask fitted with a reflux condenser, digital thermometer, and overhead stirrer was 
charged with absolute ethanol (10.6 L) and 1,4-dioxa-8-(6'-cyano-1',2',3',4'-tetrahydronaphth-2'yl)-8-azas- 
piro[4.5]decane 120.0 g, 402 mmol). The mixture was warmed to 65°C to give a clear solution, and 97% di-p- 
toluoyl-L-tartaric acid monohydrate (167.7 g, 402 mmol) was added. The resulting clear solution was seeded 
with this salt and allowed to cool to room temperature with stirring overnight The precipitate was collected by 
filtraBo and washed with absolute ethanol (600 mL). The solid was dried in vacuo to a solid and converted to 
free base in a stirred mixture of ethyl acetate (2.0 L) and saturated aqueous NaHCO 3 (3.0L). The layers were 
separated, and the aqueous one washed with ethyl acetate (2 x 500 mL). The organic layers were combined, 
washed with brine (2 x 200 mL), dried (Na 2 SC- 4 ), and concentrated to 69.4 g of a solid (59% yield). The solid 
free base (69.4 g, 233 mmol) was dissolved in absolute ethanol (425 L) at 60°C and 97% di-p-toluoyl-D-tartaric 
acid (9Z64 g, 233 mmol) was added. The resulting dear solution was seeded with a sample of this salt and 
allowed to cool to room temperature overnight The precipitate which formed was collected, washed with abso- 
lute ethanol (800 mL), and dried in vacuo at 40°C to give 1 22.5 g (44.5%). This+D salt was completely d issolved 
in absolute ethanol (8.0L) at reflux and concentrated to approximately 7.0 L of volume by distillation at 1 atmos- 
phere. The solution was seeded and cooled toroom temperature overnight The solid was collected, washed 
with absolute ethanol (800 mL) dried in vacuo to give 100.9 g [o] D = +104.7° (c= 1.0 pyridine)) (36.7%). This 
salt was dissolved in hot absolute ethanol (8.3L), concentrated at 1 atmosphere to 3. 1 L of total volume, seeded 
and cooled to room temperature overnight This solid was collected, washed with absolute ethanol (900 mL) 
and dried in vacuo to give 89.7 g [a] 0 =105.4° (c=1.0 pyridine)) (32.6%). A further crystallization from 7.0 L hot 
ethanol concentrated to 2.9 L volume gave 74.3 g ([a] D = +105.4° (c=1.0 pyridine)) (32.6%). A further recrys- 
tallization from 7.0 L hot ethanol concentrated to 2.9 L volume gave 74.3 g [a] D =104.9° (c=1.0 pyridine)) (27% 
yield). The free base was obtained by treating a stirred mixture of saturated aq. NaHC0 3 (250 mL) and 
methylene chloride (250 mL) with 1,4-dioxa-8-(6'-cyano 1',2',3',4'-tetrahydronaphth-2'yl)-&-azaspiro]4.5]de- 
cane di-p-toluoyl-D-tartaric acid salt (1 0.0 g, 33.5 mmol). After 15 min the layers were separated, the aqueous 
washed with methylene chloride (100 mL), and the combined organics washed with saturated aq. NaHC0 3 (100 
mL), dried hla£0 4 ) and concentrated to give 4.30 g (99%) of a solid. A sample of free base was analyzed by 
chiral shift reagent proton NMR to be 99.8% pure (+) enantiomer. 

Step 5 : Preparation of N-(6 , -Cyano-r,2',3 , ,4'-tetrahydronaphth-2'-yl)piperidin-4-one 
A solution of (+) 1.4-dioxa-8-(6'-cyano-1',2',3',4'-tetrahydronaphth-2'yl)-8-azaspiro[4.5]decane (10.0 g, 
33.5 mmol) was dissolved in 1 N HCI (1 00 mL). This was stirred and heated to 1 00°C under an argon atmosphere 
for 1.5 hrs. the solution was cooled in an ice bath to 25°C and methylene chloride added (200 mL). The mixture 
was stirred and basrfied to pH=9.0 with saturated aqueous sodium carbonate. The organic layer was separated 
and the aqueous extracted with methylene chloride(2X 50 mL). The combined organic extract was dried 
(Na 2 S0 4 ). andconcentrated to afoam to give 7.5 g(99%) of N-(6'-cyano-1',2',3',4'-tetrahydronaphth-2'-yl)piper- 
din-4-one(98%byHPLC). 

Step 6 : Methanesulfonamide, N-{1'-(6-cyano-1,2,3,4-tetrahydro-2-naphthalenyl)-3,4-dihydro^-oxos- 
piro[2H-1-benzopyran-2,4^iperidinl-6-yl]-, monohydrochloride 

A solution of 2-hydroxy-5-methanesulfonamido-acetophenone (26.98 g, 1 17.7 mmol), and pyrrolidine (9.8 
mL, 117.7 mmol) in methanol (480 mL) was stirred at 25 °C for 10 min. (+)-N-(6'-Cyano-1',2'3',4'-tetrahyd- 
ronaphth-2'-yl)-piperidin-4-one (20.0 g, 78.4 mmol) was added in one portion and the mixture stirred for 24 hrs 
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at 25 °C. The reaction was concentrated to an oil in vacuo and flash chromatographed (silica gel, ethyl acetate) 
to afford the product in appropriate fractions which were combined and concentrated to a foam. This was crys- 
tallized from isopropyl alcohol (525 mL) to give a solid which was collected by filtration, washed with IPA (50 
mL) and dried in vacuo (30.8 g). This was crystallized from isopropyl alcohol (525 mL) to give a solid which 
5 was collected by filtration, washed with IPA (50 mL) and dried in vacuo (30.8 g). This was dissolved in ethyl 

srw>tate /1 R I \ onrf troofoH 1 iki UH :« id a tec _i \ -ri u: j „ 

, , . ,_ V— • (nwijinou* n<» ouiicu <,V IIIO, IIUCIBU clIIU UFI6Q 

hi vawjo (50-C, 0.1 iorr) io give 32.3 g (64%) of (+) Metnanesulfonamide, N-[V-(6-cyano-1,2,3,4-tetrahydro-2- 
naphthalenyl)-3.4^ihydro-4-oxospiroI2H-1-benzopyran-2,4'-piperidin]-6-yl]-, [a] D = +40.7 (c=0.17, MeOH). 

10 EXAMPLE 383 

Resolution of 6-Memanesulfonamido-3,4<iihydro-1M1,2 t 3^tetrahydronaphth-2-yl)spiro[(2H)-1-ben- 

zopyran-2,4 , -piperidineH-one 

To a warm solution of 2.112 g (0.00479 mole) of racemic 6-methanesulfonamidc-3,4-dihydro-1 '-(1,2,3,4- 

is tetrahydronaphth-2-yl)spiro[(2H)-1-benzopyran.2,4'-piperidineH-one in 50 mL of acetone was added a solu- 
tion of 1 .852 g di-p-toluoyl-D-tartaric acid (0.00479 mol) in 20 mL of acetone. After standing at room temperature 
for 48 hours, a hard solid, A, had precipitated out The solvent was decanted, and the solid was washed four 
times with acetone. The original decanted solvent and washings were combined and evaporated to afford B. 
The solid A was recrystallized from absolute methanol four times to afford 0.636 g of salt having mp = 203- 

20 204° (dec.) and Wsss 28 * - +85.8° (c = 0.975 ; pyridine). This salt was converted to the free base form using 
sodium bicarbonate solution, and the hydrochloride salt of the amine was prepared and crystallized from iso- 
propyl alcohol to give 0.303 g of the (+)-enantiomerof the title compound ; mp283-285°C(dec.) ; [a]*** = +36.9° 
(c = 0.449 ; DMF). 
Anal. CalcU for CmHmNAS-HCI : 

25 C, 60.43 ; H, 6.13 ; N, 5.87. 

Found : C, 60.03 ; H. 6.25 ; N, 5.61. 

The solid B was treated with saturated sodium bicarbonate solution and extracted into ethyl acetate. The 
ethyl acetate phase was dried over magnesium sulfate, filtered, and concentrated in vacuo to give 1 .1 1 2 g of 
material. This solid (0.00252 mol) was dissolved in 10 mL of warm acetone and was treated with a solution of 

30 1 .019 g (0.00252mol) of di-p-toluoyl-L-tartaricacid in 15 mL of acetone. After standing overnight, the precipitate 
thatformed was removed by filtration and was washed with acetone. Two recrystallizationsfrom methanol gave 
0.803 g of salt having mp = 203-204° (dec.) and [o]^ = -85.4° (c = 0.830 ; pyridine.) This salt was converted 
to the free base form using sodium bicarbonate solution, and the hydrochloride salt of the amine was prepared 
and crystallized from isopropyl alcohol to give 0.146 g of the (-)-enantiomer of the title compound ; mp 284- 

35 286°C (dec.) ; [a]^ = -37.7° (c = 0.779 ; DMF). 
Anal. Calc'd. for C^H^CSa-HCI : 
C, 60.43 ; H, 6.13 ; N, 5.87. 
Found : C, 60.28 ; H, 6.17 ; N. 5.78. 

Essentially employing the procedures described in Example 381, but substituting for the 6-cyano-2-tet- 

40 ralone used therein, the appropriate 2-tetralone were produced the spiropiperidinones described in Table XXIV. 
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KM ISOMER SALT M P. < a C) 



UP 

"CO 
"CO 



to 



f» °HC1 283 -285 (dec) 

C-) °HC1 284-286C«J®c) 

t^w. (*) °HCl 252-255Cdse) 

°HC1 272-274Cdec) 



C+) °HC1 263-265Cdec) 

1 /4H 2 Q 



•HC1 279-280Cdec) 
•0. 9CH 3 CH 2 OH 
•0. 5H 2 0 

:o a CH 3 

f» °HC1 204-208Cdec) 

«1.4H 2 0 



275-277(dec) 



°HC1 198°Cdec5 
"0. 75CH 3 CH 2 OH 
°0. 7H 2 0 



1,4-Dihydrc-142-(4Hnne thanesulfonamidophenyte^ 

zopyran-3,3'-piperidine] hydrochloride-0.7 H 2 O-0.35 isopropanol " 

Step A : Preparation of 1,4-Dihydro-1'-ethylspiro-[2-benzopyran-3,3 > -piperidonel 
A solution of N-methyltoluamide (12.0 g) in tetrahydrofuran cooled to 0 e C was treated with n-butyllithium 
(1 03 mL of 1.6 M in hexane) and the solution stirred for 1 nr. The mixture was cooled to -78°C and a solution 
of N-ethyl-3-piperidinone (1 5.34 g in 50 mL of THF). After 0.5 hr the mixture was wanned to 0°C and quenched 
into ice (200 g). The organic phase was separated and the aqueous extracted withchloroform (200 mL). The 
combined organic extract was concentrated to a foam (25.0 g) which was disolved in 50% aqueous acetic acid 
(50 mL) and treated with concentrated sulfuric acid (1 5 mL). The mixture was stirred at 1 1 0°C for 6 hrs, quen- 
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ched into ice, and basified to pH 8.5 with 40% aqueous NaOH. Extraction with cloroform (3 x 250 mL), drying 
(Na2S0 4 ), and concentration gave an oil which was chromatographed (silica gel, 5% methanol in methylene 
chloride). Concentration of appropriate fractions gave 1,4-dihydro-1'-ethyl-spiro-[2-benzopyran-3,3'-piperi- 
done] as an oil (17.2 g). 

1 H NMR (300 MHz, CDCI 3 ) : S 0.95 (t, 3H) ; 1.57 (m, 4H) ; 2.35 (m, 4H) ; 2.65 (t, 2H) ; 3.2 (dd, 2H) ; 7.25 (d, 
1H) ; 7-38 (t 1H) ; 7.54 (dt, 1H), 8.1 (d, 1H). 

for the preparation of 1,4-dihydro-1'-{2-(4-methanesulfonamidopheny)ethyl]-7-methanesulfonamidospiro- 
[(3H)-2-benzopyran-3,4'-piperidine]hydrochloride substituting 1 ,4-dihydro-1 '-ethyl-spiro[2-benzopyran-3,3'- 
piperidone] for 1,4-dihydrc-1'-methyl-spira[2-benzo-pyran-3,4'-piperidone] in Step A. This gave 
1,4-dihydrc>-142-(4HTiethanesulfonamidopheny)e%l]-7-meth^ 
piperidine]hydrochloride-0.7 H 2 O-0.35 isopropanol, mp = 1 69-171 °C (dec). 

Essentially employing the procedures described in Example 394, but substituting for 2-[4-(methanesul- 
fonamido)phenyl]ethylmethanesulfonate used therein, the appropriate electrophiles there were produced 
splropiperidines described in Table XXV. 
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Exarrple RM salt npC°C) 

«>HC1 150-155 



"0. 35H 2 0 
°0. 15IPA" 



396 -CH 2 CH 2 -H^ °HC1 1 84- 1*7 (dec) 

NHS( 



NHS0 2 CH 3 



399 -CH 2 CH 2 -^ 



•0. 5H 2 0 

HC1 171-'i73(~dec) 
1 1 /2H 2 0 
•0. 25IPA 

1 50-1 50 

>1.25H 2 0 
"0. 2IPA 

>2HC1 158-150 



-CH 2 CH 2 'l*tH 



°2H 2 SO <i 1 20-(dec) 
»0. 85XPA 



(*IPA is isopropyl alcohol). 



EXAMPLE 401 



1,4-Dihydro-1,1^jimethyl-rHTiethyl-7-methanesulfonamido)-spiro(3H-2-benzopyran-3,4'-piperidine) 
A solution of 1 ^ihydro-l'-methyl-THiiethanesulfonamido-spiroKa^^-benzopyran-a^'piperidine-l-one 
(from Example 60, Step B) in THF (3.3 mmol in 10 mL) was cooled to -78°C and treated dropwise with methyl 
magnesium bromide in THF (10 mmol). The reaction was warmed to 25°C and quenched with water (1 mL). 
The mixture was concentrated on a rotary evaporator, redissolved in 85% H 3 P0 4 (10 mL) and heated at 100°C 
for 1.5 hours. The mixture was poured into ice and the pH adjusted to 8.5 with 40% aqeuous NaOH. Extraction 
with CH 2 Cl2, drying (Na 2 S0 4 ), and evaporation of solvents gave the crude product which was purified by 
chromatography on silica gel (50% EtOAc in hexane). The title compound was obtained in 85% yield and con- 
verted to the hydrochloride salt, mp 203-205°C. 

By treating 1 ,4-dihydro-1,1-dimethyl-1 '-methyl^ 
piperidine as for l.^ihydro-l'-methyl-THmethanesulfonamidc-spiroKSHJ^-benzopyran-S^'-piperidine in 
Example 60, Step D, there was obtained an intermediate which when treated as in Example 60, Step E, sub- 
stituting for the 2-[4-(methanesulfonamido)phenyl]etjiyl methane sulfonate used therein, the appropriate 
electrophiles there were produced the spiropiperidines described in Table XXVI. 
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CH 3 S0 2 NH\^X 0 

Exanple RM salt nrp 

402 CH 2 CH 2 — ^Q^-CN -0. 55 H z O >255°C 

0. 2 ethylacetate 

403 CH 2 CH 2 — ^) 243-45°C 
EXAMPLE 404 

6-Methanesulfonamide-1'-hexyM-hydroxy^/^ihydrosp!ro[(2H)-1-benzopyran-2,4 > -piperidine] 
A stirred solution of 6-methanesuIfonamido-1'-hexyl-3 > 4-dihydrospiro[(2H>•1-ben2opyra^-2,4'•piperidine^ 
4-one(0.915 g, 2.32 mmol) in 50 ml of absolute ethanol was chilled to 0°C, blanketed in N 2 , and was treated 
with NaBH 4 (0.878 g, 23.2 mmol). The resulting solution was allowed to stir to 25°C over 1 8h. The clear solution 
was concentrated in vacuo , and the residue was dissolved in a total of 125 ml of ethyl acetate and was washed 
with 50 ml of water, followed by washing with 25 ml of saturated aq. NaCI. The organic phase was dried 
(MgS0 4 ), filtered, and concentrated in vacuo to clear oil to give 0.710 g (88.3%) of the desired product The 
hydrochloride salt was generated in ethanol using 1 equivalent of 3.22M ethanolic HCI to give a dense crys- 
talline solid, mp = 249-250°C (dec). 
Anal. Calcd. For Ca^CIN^S : 
C, 55.48 ; H, 7.68 ; N, 6.47. 
Found : C, 55.69 ; H, 7.80 ; N, 6.41. 

EXAMPLE 405 

6,7-Dimethoxy-1ip^4-nitrophenyl)ethyl]-2^^ 
piperidinel-4-one 

A mixture of 6,7-dimethoxy-1 '-[2-(4-nitrophenyl)ethyl>spiro[1 ,2,3.4-tetrahydro-isoquinoline-1 ,4'-piperidin]- 
4-one hydrochloride (0.33 g) sodium bicarbonate (0.1 g) and p-nitrobenzylbromide (0.25 g) in ethanol were ref- 
luxed for 18 hours. The reaction was concentrated and chromotographed on silica (methylene 
chloride/methanol, 90 : 1 0) to give 60 mg upon concentration and crystallization of the dihydrochloride saltfrom 
isopropanol. mp 174-177C 0 . 

EXAMPLE 406 

6,7-Dimethoxy-spiro[1 ,2,3.4-tetrahydroisoquinoline-1 ^'-piperidineH-one Dihydrochloride 
To a solution of 6,7-dimethoxy-1'-methylspiro[1,2,3 l 4-tetrahydroisoquinoline-1,4'-piperidin]4-one ( Helv. 
Chem. Acta.. 58, Fasc. 1, Nr. 8 (1975)) (1.0 g) and N,N,N',N'-tetramethyI-1,8-napthalenediamine (0.9"g7in" 
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dichloroethane at 0°C under nitrogen was added 1-chloroethyl chloroformate (9.5 ml) and the mixture stirred 
at reflux for 1 hr. The reaction was cooled, passed thru silica and the product eluted with 10% ethyl acetate in 
methylene chloride. After evaporation, methanol was added and the mixture refluxed for 1 hr. Upon evaporation 
the foam was crystallized from ethanol/ether to give 0.6 g of the title compound as dihydrochloride salt. 
'H NMR (300 mHz, DMSO) 8 : 1 1.2 (Broad s,2H), 9.2 (Broad s,2H), 7.4(s,1H), 4.5(s,2H), 3.9(s,3H), 3.8 (S,3H) 
3.6(m,2H), 3.3[m.ZH). 2.3(m.4H). 

EXAMPLE 407 

6,7-Dimethoxy-1M2-(4-methanesulfonamidophenyl)ethyl]-2-(4-nitrobenzyl)-spiro[1,2,3,4-tetrahydroiso- 
quinoline-1 ,4'-piperidine]-4-one Dihydrochloride 

A mixture of 6,7Hlimethoxy-1'-(4-nitrophenethyl)^piro[1 l 2,3,44etrahydroquinoline-1,4'-piperidin]-4-one 
(02 g), 2-(4-methanesulfonamidophenyl)ethyl methane sulfonate (0.185 g), and sodium bicarbonate (0.2 g) 
was refiuxed for 24 hrs. The reaction was concentrated to an oil and chromatographed on silica using methylene 
chloride/methanol as eluent. Concentration and crystallization from isopropyl alcohol by addition of isopropyl 
alcohol saturated with anhydrous HCI gave 6,7-dimethoxy-1'-[2-(4-methanesulfonamidophenyl)ethyl]-2-(4-nit- 
robenzyl)-spiro[1,2 f 3,4-tetrahydroisoquinoline.1,4'-piperidine]-4-one dihydrochloride (0.130 g); mp 240- 
242°C. 

Employing the procedure substantially as described in Example 407 using the appropriate mesylate, there 
was produced the isoquinolines described in Table XXVII. 



TABLE XSSI 




Exarrple RM salt caicd: c.51.92; 

*3HCl h, 6.34; N. 8.25. 
408 -CH 2 CH 2 ^I« * H 2° Found: C. 51.64: 



JL.J 

-CH 2 CH 2 - 

EXAMPLE 410 



JO" 



H. 6.60: H. 8.11. 

tOH m p. =153-154°C 



6-7-Pimetrroxy-142K4-nitropheny^ 
piperidine]-4-one Dihydrochloride — — 

To a solution of 6,7-dimethoxy-1 '-[2-(4-nitrophenyl)ethyl]-spiro[1 ,2,3,4-tetrahydroquaoline-1 ,4'-piperidin]- 
4-one wasadded NaBH 4 (0.284 g) in two portions. The mixture was stirred for 15 min 10°C, and quenched into 
an ice/water mixture. The reaction was concentrated to remove methanol and extracted with methylene chloride 
(2 x 50 ml). The methylene chloride extracts were dried over sodium sulfite and concentrated to an oil. The oil 
was dissolved in isopropyl alcohol and a solution of HCI/isopropyl alcohol added. The resulting slurry was fil- 
tered, washed with isopropyl alcohol and dried to yield 0.80 g of the title compound. MP 194-196°C (Dec) 
CalCd : C, 55.20 : H, 6.24 ; N, 8.40. 
Found : C, 54.59 ; H, 6.35 ; N, 8.20. 
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6-7-Dimethoxy-1'-gK4-nifrophenyl)ethyq^ 

A mixture of 6.7-dimethoxy-1'-I2-(4-nitrophenyl)ethyl]-spirot1 ,2,3,4-tetrahydroisoquioline-3,4'-piperidin]-4- 
ol dihydrochloride (0.4g) in polyphosphoricacid (20 g) was maintained at 100°Cfor6 hrs. The reaction mixture 
was cooled to 40°C and quenched into an ice/water mixture. The pH was adjusted to 10 with 40% NaOH and 
5 extracted with CH 2 CI 2 (2 x 50 ml). The methylene chloride extracts were dried over Na 2 S0 4 and concentrated 
into $>n nil. Tho nil was r.hmmntanraphed on silica using methylene chloride/methano! (98 : 2). and the product 

ropanol/HCL The slurry was diluted with diethyl ether, filtered and dried to give 0.170 g of the title compound. 
MP 237-230°C (Dec). 



EXAMPLE 412 

is 6,7-Dimethoxy-1M2-(4-nitrophenyl)ethyfrspiro[1 ,2.3,4-tetrahydroisoquino1 ine-3,4'-piperidine1 Dihyd- 
rochloride 

To a solution of 6J-dimethoxy-1M2-(4-nitraphenyl)ethylI-spiroI3,4-dihydroisoquinoline-3,4'-piperidine] 
dihydrochloride (100 mg) in methanol (6 ml) at 0°C was added NaBH 4 (23.8 mg). The reaction was stirred for 
15 min. The aqueous solution was extracted with methylene chloride (2 x 50 ml). The methylene chloride layers 
20 were dried over Na 2 S0 4 , concentrated to an oil and redissolved in ethanol. Addition of HCL/diethyl ether gave 
a solid which was filtered, and dried to yield 0.082 g of the title compound. MP 247-250°C (Dec). 

EXAMPLE 413 

25 N-Benzyt-2-methyl-spiro-3,4-dihydroquinol-1-one[3,4]-piperidine 

To sulfuric acid (50 ml) at 0°C was slowly added a solution of 1-benzyl-4-hydroxy-4-[2-(methylcar- 
bamoyl)benzyl]piperdine (J. Med. Chem., 24, 194-198 (1981) ; J. Am. Chem. Soc , 107, 2323 (1985)) (11.5 g) 
in dichloroethane. The reaction was stirred at 45°C for 5 hours, cooled and quenched into ice water. Diethyl 
ether (200 ml) was added and the pH was adjusted to 10 with 40% NaOH. The aqueous phase was extracted 

30 with diethyl ether (200 m!) and the extracts were concentrated to an oil. The oB was chromatographed on silica 
using ethyl acetate as an eluent to give after concentration 4.5 g of the title compound. 
1H NMR (300 MHz, CDCI 3 ) 8.05 (d, 1H). 7.3 (m, 7H), 7.1 (d, 1H) 3.58 (S, 2H), 3.17 (S, 3H), 2.9 (S, 2H) 2.7 (m, 
2H), 2.45 (d of t, 2H), 1.8 (M. 4H). 

N-Benzyl-2-methylspiro-3,4-dihydroquinolin-1-one-[3,4lpiperidine was treated in a manner similar to the 

35 conditions in Step D and Step E of Example 60 to provide the compounds described in Table XXVIII below. 
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tabm: ami 



mide 



ok 

RM 

Exanple RM salt np(°C) 

414 -CCH 2 ) 2 — ^)-NHS0 2 CH 3 "2.8 H 2 0 177-179 

•0. 1 5 IPA 

-CCHWa-^ °KC1 187-188 



dine]-4-ol (0.8 g) in acetonitrile (16 ml) at -15»C and under argon was added sulfuric acid (0.6 ml) The react! 
/water (50 ml) concentrated to remove acetonitrile and 1N NaOH was added to adjust pH to 9.0. The product 

HhT. M nt0 . metf ; y,ene Ch ' 0ride ' dri6d oversodium concentrated and crystallized from Zhnd 

as the hydrochlonde salt to yield 0.65 g of the title compound, mp > 300°C (dec). 

EXAMPLE 417 

hydride in THF (1.0 ml). The reaction was warmed to 50*C for 3 hours and then quenched by addition of ice- 
^ater(20m). The reason wasdiluted with methylenes 

was chromotographed on sriica (methylene chloride/methanol/ammonium hydroxide 90/10/2) to give 130 ma 
cTpoTnd mTS52"c The f ° am ^ CrySte,,feed fr ° m ethan °' 33 itS dih y drochIoride sal "° 9ive the title 
EXAMPLE 418 

3/M3ihydro-1K6-cvano.1.2A^^ ^ 
zopyran-2,4'-piperidineH-N-acetamide Hydrochloride ~ 

The title compound was prepared in a manner similar to that for the preparation of 3,4-dihydro-1'-hexyl)- 
6-rne^ hydrochloride bTsuSt 

2 P r teafc0h W"* Ex ^P'^79for the starting alcohol in the preparation of Exam P le416 
to give the title compound as the hydrochloride, mp 31 7°C (dec). 
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EXAMPLE 419 

3,4-Dihydro-1'-(benzofurazan-5wnethyl)-6-methanesulfonamido-spiro[(2H)-1-benzopyran-2,4'-piperi- 
dine]-4-one hydrochloride 

3,4-Dihydro-6-methanesulfonamido-spirot(2H>1-benzo-pyran-2,4'-piperidineH-one hydrochloride was 
alkylated with B-(mftthan«ftiiifnny!oYymo»hyjj^n3Aftjr«sr: scccrding to the rr.cihcd described in Zxarnplc SG 

Gtcp d Id yiVo uic iiyuiOuiiiuiiu'e as a while soiid, m.p. ^255"C. 

Anal. Calc'd. for Qz, H23CIN4O5SO.33H2O : 
C, 52.01 ; H, 4.92 ; N, 1 1.55. 
Found : C, 52.09 ; H, 4.94 ; N. 11.35. 

EXAMPLE 420 

Preparation of Alcohols. 

(±)-1-Acetyl-2,3-dihydro-g-methyl-1H-indole-5-methanol 

1-Acetyi-2,3-dihydro-1H-indole (16.1 g. 0.1 mol) in 1.2-dichloroethane (60 ml) was added dropwise to ref- 
using mixture of acetyl chloride (21.33 ml, 23.55 g, 0.3 mol) and aluminum chloride (40.0 g, 0.3 mol) in 1 ,2-di- 
chloroethane (40 ml). The mixture was heated under reflux for 2 hours, cooled and poured onto crushed ice (1 
Kg). The mixture was extracted with dichloromethane (3 x 500 ml) and the combined organic fractions were 
dried (Na 2 S0 4 ) and evaporated under reduced pressure. Ethanol (400 ml) was added and the mixture was 
cooled in a water bath. Sodium borohydride (7.57 g, 0.2 mol) was added and the mixture was stirred for 1 hour. 
Water (1 00 ml) was added and the ethanol was evaporated under reduced pressure. Water (500 ml) was added 
and the mixture was extracted with dichloromethane (3 x 500 ml) and the combined organicfractions were dried 
(Na 2 S0 4 ) and evaporated under reduced pressure. The residue was recrystallized from ethyl acetate to give 
the alcohol as an off-white solid (18.43 g, 90%). 

NMR (CDCl 3 ) : 5 8.14 (1H, d, J=8.2 Hz). 7.23 (1H, s), 7.16 (1H, d, J=8.2 Hz), 4.86 (1H, br q, J=6.4 Hz) 4 06 
(2H, t J 8.4 Hz), 3.19 (2H, t, J=8.4 Hz), 2.22 (3H, s), 1.9 (1H, br s), 1.48 (3H, d, J=6.4 Hz). 

1-Acetyl-2,3-dihydro-5-ethenyl-1H-indole 

1-Acetyl-2,3-dihydro-a-methyl-1H-indoIe-5-ethanol (10.25 g, 50 mmo!) and p-toluenesulfonic acid (mono- 
hydrate, 190 mg, 1 mmol) in toluene (250 ml) were heated under reflux with azeolropic removal of water for 20 
min. The mixture was cooled, diluted with ethyl acetate (1000 ml), washed with aqueous sodium hydrogen car- 
bonate (saturated, 500 ml) and brine (400 ml), dried (Na 2 S0 4 ) and evaporated under reduced pressure. The 
residue was purified by flash column chromatography on silica gel, eluting with ethyl acetate, to give the indole 
as a white solid (6.55 g, 70%). 

1H NMR (CDCI3) : 6 8.14 (1H, d, J=8.3 Hz). 7.24 (2H, m), 6.66 (1H, dd, J=17.6, 11.0 Hz), 5.65 (1H d J 17 6 
Hz), 5.15 (1H. d, J=11.0 Hz), 4.66 (2H, t, J=8.4 Hz), 3.19 (2H, t, J=8.4 Hz), 2.22 (3H. s). 

1 -Acetyl-2,3-dihydro-1 H-indole-5-ethanol 

Borane-tetrahydrofuran complex (1.0M in THF, 20 ml. 20 mmol) was added dropwise to an ice cooled sol- 
ution of 1-acetyi-2,3-dihydro-5-ethenyl-1H-indole (5.61 g, 30 mmol) in THF (150 ml). The mixture was stiired 
at 0 8 C for 30 minute then at room temperature for 1 hr. Trimethylamine N-oxide dihydrate (8.88 g. 80 mmol) 
was added and the mixture was heated under reflux for 3 hr, cooled and poured into water (400 ml) and aqueous 
HCI (6N, 10 ml). The mixture was extracted with dichloromethane (3 x 400 ml) and the combined organicfrac- 
tions were dried (Na 2 S0 4 ) and evaporated under reduced pressure. The residue was purified by flash column 
chromatography on silica gel. eluting with ethyl acetate, to give the alcohol as a white solid (3.41 g. 55%) 
*H NMR (CDCI 3 ) : 5 8.13 (1H, d, J=8.7 Hz). 7.06 (2H, m), 4.04 (2H, t, J=8.4 Hz), 3.83 (2H, t, J=6.5 Hz) 3 18 
(2H, t, J=8.4 Hz), 2.82 (2H, t, J=6.5 Hz), 251 (3H, s), 1 .61 (1 H, br s). 

EXAMPLE 421 

Preparation of Methanesulfonates 

The following methanesulfonates were synthesized from the corresponding alcohols by the method des- 
cribed in Example 89, Step C : 
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[2-(Methanesulfonyloxy)ethyl]cyclohexane; 

1 H NMR (CDCI3) : 8 4.27 (2H, t, J=6.8 Hz), 3.01 (3H, s), and 1.8-0.8 (13H, m). 

2- [2-(Methanesulfonyloxy)ethy|]thiophene ; 

1 H NMR (CDGI 3 ) : 8 7,20(W, d, J=5.1 Hz), 6.97 (W, dd, J=5.1, 3.4 Hz), 6.92 (1 H. d, J=3 4 Hz) A 42 
(2H. t, J=6.7 Hz), 3.28 (2H. t. J=6.7 Hz), 2.93 (3H, s). 

3- [2-(Metrianesulfonyloxy)ethynthiophene: 

'H NMR (CDCI3) : 8 7.31 (1H,'d"d, J=4.9, 3.0 Hz), 7.10 (1 H, br s), 6.99 (1 H, dd, J=4.9, 1.2 Hz), 4.42 (2H 
t,J=6.7Hz),3.10(2H,t,J=e.7Hz),2.89(3H,s). ' 
1 -[2-(Methanesulfonyloxy)ethyl]-2-imidazolidinone ; 

1 H NMR (CDCI 3 ) : 8 4.8 (1H, br s), 4.36 (2H, t, J=5.1 Hz), 3.59-3.45 (6H, m), 3.05 (3H s) 

2- [2-(Methanesulfonyloxy)ethyl]furan ; 

'H NMR (CDCy : 5 7.35 (1H, d, J=1.8 Hz), 6.32 (1H, dd, J=3.0, 1.8 Hz), 6.16 (1H, d, J=3.0 Hz) 4 46 
(2H.tJ=6.6Hz),3.10(2H.t.J=6.6Hz),2.92(3H,s). * 

3- [2-(Methanesulfonyloxy)ethyl]furan; 

'H NMR (CDCI3) : 8 7.39 (1H, s). 7.33 (1H, s), 6.33 (1H, s), 4.32 (2H, t, J=6.7 Hz), 2.96 (3H s) 2 90 
(2H, t, J=6.7 Hz). " 
2,3-Dihydr^2-(methanesulfonyloxy)ethyl]benzofuran ; 

1 HNMR(CDa 3 ):S7.06(1H,s),6.95(1H,d,J=8.1 Hz),6.72(1H,d.J8.1 Hz), 4.56 (2H £ J=87Hz) 
4.36 (2H.t,J=7.0 Hz), 3.19 (2H.t.J=8.7 Hz), 2.98 (2Ht,J=7.0 Hz). 2.88 (3H,s). ' 
1 -Acetyl-2,3-dihydro-5-[2-(methanesulfonyloxy)ethyl]-indole ; 

^H NMR (CDCI3) : 8 8.14 (1 H, d, J=8.8 Hz), 7.06 (2H, m), 4.38 (2H. t. J 6.8 Hz), 4.06 (2H t J=8 5 Hz) 
3.19 (2H,tJ=8.5 Hz), 3.00 (2H.tJ=6.8 Hz), 2.88 (3H. s), 2.22 (3H, s). 

4- [2-(MethanesulfonyIoxy)ethyl]benzonitrile ; 

'H NMR (CDCI 3 ) : 8 7.64 (2H, d, J=8.3 Hz), 7.37 (2H, d, J=8.3 Hz), 4.45 (2H. t. J=6.6 Hz), 3.13 (2H, t, 
J=6.6 Hz), 2.92 {3H, s). ' 



Preparation of Alcohols 

1-Methane5tilfonyloxy-6-methylheptan-6-ol 

Methylmagnesium chloride (2.8 M in THF, 21 ml, 60 mmol) was added dropwise to an ice-cooled solution 
of 2-oxepanone (2.22 ml. 228 g, 20 mmol) in THF (20 ml). The mixture was stirred for 1 hour, then water (1 00 
ml) was added dropwise. The pH was adjusted to 7 with aqueous HCI (3N) and the mixture was extracted with 
ethyl acetate (3 x 100 ml). The combined organic fractions were dried (Na 2 S0 4 ) and evaporated under reduced 
pressure. Dichloromethane (20 ml) and pyridine (3.24 ml. 3.16 g, 40 mmol) were added and the mixture was 
cooled .n ice. Methanesulfonyl chloride (1.55 ml, 2.29 g. 20 mmol) was added dropwise and the mixture was 
stirred at room temperature for 3 hours. Dichloromethane (50 ml) was added and the mixture was washed with 
aqueous HCI (2M, 50 ml) and aqueous sodium hydrogen carbonate (saturated, 50 ml), dried (Na 2 S0 4 ) and 
evaporated under reduced pressure to give the alcohol as a pale yellow oil (4.38 g 98%) 
1H NMR (CDC! 3 ) : 5 4.24 (2H. t, J 6.6 Hz), 3.01 (3H. s). 1.85-1.40 (9H, m), 1.22 (6H, s). 

(+/-)-1-Methanesulfonyloyheptan-6-ol 

( + /-)-Heptan-1,6-diol (1.06 g, 8 mmol) and pyridine (1.36 ml, 1.33 g, 16.8 mmol) were dissolved in 
dichloromethane (20 ml) and themixture was cooled in ice. Methanesulfonyl chloride (0.65 ml 0 96g 84mmol) 
was added dropwise and the mixture was stirred at room temperature for 18 hours. Dichloromethane (50 ml 
was added and the mixture was washed with aqueous HCI (1M, 50 ml) and brine (30 ml), dried (Na 2 S0 4 ) and 
evaporated under reduced pressure. The residue was purified by flash column chromatography on silica gel 
eluting with EtOAc/20% hexane, to give the alcohol as an oil (1 .01 g, 60%) 

1H NMR (CDCI 3 ) : 8 4.24 (2H. t, J 6.6 Hz). 3.80 (1H. m), 3.01 (3H, s), 1.77-122 (9H. m), 1.20 (3H, d s J=1.1 Hz). 
EXAMPLE 423 

Preparation of 1-Substituted-4-Piperidinones 

The following compounds were synthesized by alkylation of 1,4-dioxa-8-azaspiro[4.5]decane with the 
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appropriate methanesulfonate or bromide according to the method described for the synthesis of 8-[2-(nitro- 
phenyt)ethyl]-1.4-dioxa-8-azaspiro[4.5] decane (Example 339 [CI], Step 3), followed by ketal hydrolysis accord- 
ing to the method described for the synthesis of 1-[2-{benzofurazan-5-yl)ethyl]-4-piperidinone (Example 339 
[CI], Step 7). 

1-[2-(Thiophenr2-yl)ethyl]-4-piperidinone ; 

IM MMP CTnj • X. 7 ifi «U A f J-C ■« Lj;.\ t C M /<U AA J-C * O _4 Ll-.> g » , _, J-J ^ 3 QJJ 

(2H, i, J=7.5 Hz), 2.63 (6H, m), 2.49 (4ri, t, j=e.i riz). 
1-{2-(Trtiophen-3-yl)ethylJ-4-piperidinone ; 

'H NMR (CDCI3) : S 7.27 (1H, m), 7.02 (1H, brs), 6.98 (1H, d, J=4.9 Hz), 2.91-2.72 (8H. m). 2.48 (4H. t, 
J 6.1 Hz). 

1 -[2-(4-Cyanophenyl)ethyl]-4-piperidinone ; 

iH NMR (CDCI3) : 8 7.60 (2H, d, J=8.2 Hz), 7.34 (2H, d, J=82 Hz), 2.92-2.71 (8H, m), 2.47 (4H, t, J=6.2 
Hz). 

1-n-Hexyl-4-piperidinone ; 

1H NMR (CDCI3) : 5 2.74 (4H. t, J=6.0 Hz), 2.46 (6H, m), 1.70-1.31 (8H, m), 0.90 (3H, t, J=6.6 Hz). 
1-n-Heptyl-4-piperidinone ; 

iH NMR (CDCI 3 ) : 8 2.75 (4H, t, J=6.1 Hz), 2.47 (6H, m), 1.55-1.26 (10H, m), 0.89 (3H, t, J=6.7 Hz). 
8-[2-Oxo-2-(4-cyanophenyl)ethyl]-1 ,4-dioxa-8-azaspiro [4.5]decane 

Sulfuryl chloride (3.53 ml, 5.94 g, 44 mmol) was added dropwise to a solution of 4-acetylbenzonitrile (5.81 
g, 40 mmol) in chloroform (40 ml). The mixture was stirred for 24 hours, diluted with chloroform (40 ml), washed 
with water (40 ml) and aqueous sodium hydrogen carbonate (saturated, 40 ml), dried (Na 2 S0 4 ) and evaporated 
under reduced pressure. The residue was dissolved in acetonitrile (40 ml), potassium carbonate (1 1.06 g, 80 
mmol) and 1,4 dioxa-8-azaspiro[4.5]decane (5.13 ml, 5.73 g, 40 mmol) were added. The mixture was stined 
for 2.5 hours then aqueous HQ (2N, 120 ml) was added. The mixture was washed with ethyl acetate (2 x 50 
ml), aqueous sodium hydroxide (20%, 80 ml) was added and the mixture was extracted with ethyl acetate (3 
x 100 ml. The combined organic extracts were dried (Na 2 S0 4 ) and evaporated under reduced pressure. The 
residue was purified by flash column chromatography on silica gel, eluting with CH 2 Cl2/MeOH/NH 3 (Aq.) ; 98 : 
2 : 0.2 to give the spirodecane as a yellow solid (3.24 g, 28%). 

*H NMR (CDCI3) : 8 8.14 (2H. d, J=8.3 Hz), 7.76 (2H, d, J=8.3 Hz), 3.96 (4H, s), 3.80 (2H, s), 2.67 (4H, t, J=5.6 
Hz), 1.79(4H,t,J=5.6Hz). 

1-[2-Oxo-2-(4-cyanophenyl)ethyl]-4-piperidinone 

8-[2-Oxo-2-(4-cyanophenyl)ethyl]-1,4-dioxa-8-azaspiro[4.5]decane (300 mg, 1.05 mmol) was dissolved in 
aqueous HCI (1 N, 10 ml) and the mixture was heated under reflux for 30 minutes. The mixture was cooled, 
aqueous sodium hydroxide (20%, 5 ml) was added and the mixture was extracted with ethyl acetate (3x10 
ml). The combined organic fractions were dried (Na 2 S0 4 ) and evaporated under reduced pressure to give the 
piperidinone as a yellow solid (1 57 mg, 62%). 

'H NMR (CDCI3) : 5 8.12 (2H, d, J=8.3 Hz), 7.80 (2H, d, J=8.3 Hz), 3.96 (2H, s), 2.93 (4H, t, J=6.1 Hz) 2 53 
(4H, t, J=6.1 Hz). 

(+/-) 1-[2-Hydroxy-2-(4-cyanophenyl)ethyl]-4-piperidinone 

Sodium borohydride (76 mg, 2 mmol) was added to an ice cooled solution of 8-[2-oxo-2-(4-cyanophenyl) 
ethyl]-1 ,4-<iioxa-8-azaspiro[4.5]decane (300 mg, 1.05 mmol) in ethanol (5 ml). The mixture was stirred at room 
temperature for 1 6 hours and the solvent was evaporated under reduced pressure. Water (5 ml) and aqueous 
sodium hydrogen carbonate (saturated, 1 0 ml) were added and the mixture was extracted with dichloramethane 
(3x10 ml). The combined organic fractions were dried (Na^O,) and evaporated under reduced pressure. 
Aqueous HCI (1 N, 1 0 ml) was added and the mixture was heated under reflux for 30 minutes. The mixture was 
cooled, aqueous sodium hydroxide (20%, 5 ml) was added and the mixture was extracted with ethyl acetate 
(3 x 1 0 ml). The combined organic fractions were dried (Na 2 S0 4 ) and evaporated under reduced pressure to 
give the piperidinone as a yellow gum (153 mg, 60%). 

'H NMR (CDCI3) : 8 7.66 (2H, d, J=8.3 Hz), 7.52 (2H. d, J=8.3 Hz), 4.83 (1H, dd, J=10.5, 3.5 Hz), 3.97 (1H br 
s), 3.06 (2H, m), 2.81 (2H. m), 2.70 (1 H, dd J=12.6, 3.5 Hz), 2.54 (5H. t, J =6.1 Hz). 

EXAMPLE 424 

3,4-Dihydro-142-(2,3-dihydrcKlH-indol-5-yl)ethyO-6-methanesulfonamido-spiro[(2H)-benzopyran-2,4'- 
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piperidine]-4-one dihydrochloride 

1'-[2-(1-Acetyl-2,3«lihydro-1H-indol-5-yO^^ 
an-2.4'-piperidine]-4-one (1.96 g, 3.9 mmol) was dissolved in ethanol (40 ml) and aqueous HCI (6N, 40 ml). 
The mixture was heated under reflux for 2 hours, cooled and the ethanol was evaporated under reduced press- 
ure. Water (1 00 ml) was added and the pH was adjusted to 8 with aaueous sodium hydroxide (20%). The mixture 

was ovtrortorl urifh riir<h\nrnmat\nana onrl *o fmnohin*^ v. »~ t 1: ...... J-:_.J /m_ on \ I i_ j 

— -—..-...<.- w^umw iiuvuuiu J"=u y cjiiu ^vapuiaicu 

under reduced pressure to give the crude pyranone^sa tansolid (1,85 g). A sample (200 mg) was purified by 
flash column chromatography on silica gel, eluting with CH 2 CI 2 /MeOH/NH 3 (Aq.) (96 : 4 : 0.4) to give a pale yel- 
low foam which was dissolved in ethanol (5 ml) and treated with ethanolic HCI (6N, 0.5 ml). The mixture was 
stirred for 1 hour, cooled and the precipitate was collected and dried in vacuo to give the dihydrochloride as a 
white solid (157 mg, 70%), m.p. 250-252°C. 
Anal. Calc'd for C^H^Cy^S-O.SartO : 
C, 53.93 ; H, 5.97 ; N, 7.86. 
Found : C, 53.93 ; H, 5.77 ; N, 7.92. 

EXAMPLE 425 

3,4-Dihydro-142-(2,3^ihydro-1-memanesulfonamido-1H-indol-5-yl)ethylI-6-methanesulfonamido-spi- 
ro[(2H)-ben2opyran.2,4'-piperidineH-one hydrochloride 

Methanesulfonyl chloride (55 mg, 0.48 mmol) was added to a suspension of 3,4-dihydro-1'-[2-(2,3-dihyd- 
ro-1 H-indol-5-yi)ethyl]-6-methanesulfonamidospiro[(2H)-benzopyran-2,4'-piperidine]-4-one (crude, 84% pure, 
217 mg, 0.4 mmol) in pyridine (5 ml). The mixture was stirred for 22 hours, then the solvent was evaporated 
under reduced pressure. Aqueous sodium hydrogen carbonate (saturated, 20 ml) and water (5 ml) were added 
and the mixture was extracted with dichloromethane (3 x 25 ml). The combined organic fractions were dried 
(Na 2 S0 4 ) and evaporated under reduced pressure. The residue was purified by flash column chromatography 
on silica gel, eluting with CH 2 CI 2 /MeOH/NH3(Aq.) (96 : 4 : 0.4) to give a yellow glass which was suspended in 
ethanol (5 ml) and treated with ethanolic HCI (6N, 0.5 ml). The mixture was stirred for 1 hr, cooled and the pre- 
cipitate was collected and dried in vacuo to give the hydrochloride as a white solid (91 mg, 40%), m.p. > 285°C. 
Anal. Calc'd. for C^HazClNaOBSa : 
C, 52.67 ; H, 5.66 ; N, 7.37. 
Found : C, 53.00 ; H, 5.71 ; N, 7.30. 

EXAMPLE 426 

3,4-Dihydro-1M2-(1H-ind ol-5-yl)ethyn-6-methane-sulfonamid(>-spiror(2H)-benzopyfan-2,4'-piperidin eM- 
one hydrochloride : ~~ 

DMSO (0.32 g, 0.36 g,4.6 mmol) in dichloromethane (5 ml) was added dropwise to a cooled (-60°C) solution 
of oxalyl chloride (0.20 ml, 0.29 g, 2.3 mmol) in dichloromethane (5 ml). The mixture was stirred at -60°C for 3 
minutes, then 3,4-dihydrc-1 '-[2-(2,3-dihydro-1 HHndol-5-yl)ethyl]-6-methanesulfonamido-spiro[(2H)-ben- 
zopyran-2,4'-piperidine]-4-one (crude, 84% pure, 1.03 g, 1.9 mmol) in DMSO (5 ml) was added. The mixture 
was stirred at -60°C for 10 minutes, then triethylamine (5 ml) was added and the mixture was allowed to warm 
to room temperature. The mixture was poured into aqueous sodium hydrogen carbonate (saturated, 100 ml) 
and the mixture was extracted with dichloromethane (3 x 100 ml). The combined organic fractions were dried 
(Na 2 S0 4 ) and evaporated under reduced pressure. The residue was purified by repeated flash column 
chromatography on silica gel, eluting with CH 2 CI 2 /MeOH/NH 3 (Aq.) (96 : 4 : 0.4) to give a blue foam which was 
dissolved in ethanol (5 ml) and treated with ethanolic HCI (6N, 0.5 ml). The mixture was stirred for 1 hour, cooled 
and the precipitate was collected, washed with hot ethanol and dried in vacuo, to give the hydrochloride as a 
white solid (232 mg, 25%), m.p. 260-262°C (dec.) 
Anal. Calc'd. for ^HzgaNaOiS-OJSHzO : 
C, 57.25 ; H, 5.90 ; N, 8.34. 
Found : C, 57.34 ; H, 5.68 ; N, 8.30. 

EXAMPLE 427 

3.4-Dihydro-1'-f2-(benzofurazan-5-vl)emyl1-6^ 
zopyran-2,4'-piperidine] hydrochloride ~ 

3,4-Dihydro-1'-[2-(benzofijrazan-5-y^ 
ineH-one [prepared as described in Example 94, Step B] 0.137 g, 0.3 mmol) was dissolved in DMF (2 ml) and 
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pyridine (1 ml) and methoxylamine hydrochloride (28 mg, 0.33 mmol) were added. The mixture was stirred for 
17 hours, then further methoxylamine hydrochloride (112 mg) was added and the mixture was stirred at 50°C 
for 3 hours. Further methoxylamine hydrochloride (100 mg) was added and the mixture was stirred at 50°C for 
3 hours. The mixture was cooled, the solvent was evaporated under reduced pressure, aqueous sodium hyd- 
5 rogen carbonate (Saturated, 20 ml) was added and the mixture was extracted with dichloromethane (3 x 20 
ml) The combined organic fractions were dried (Na 2 SO..) and evaporated under reduced pressure. The residue 

then 94 : 6 : 0.6) to give the isomeric oximes as colorless gums ; higher running fraction : 100 mg, 68% ; lower 
running fraction : 46 mg, 32%. The higher running fraction was dissolved in ethyl acetate and ethanolic HCI 
10 was added. The precipitate was collected and dried in vacuo to give the hydrochloride as a white solid (83 mg), 
rap. 248-250°C. 

Anal. CalCd. for C^HzsCINsOsSO^ H 2 0 : 
C, 52.20 ;H, 5.49 ; N, 13.23. 
Found : C, 52.13 ; H, 5.42 ; N, 12.99. 

18 

EXAMPLE 428 

3,4-Dihydro-6-methanesulfonamido4-(hydroxyimino)-r-(2-phenylettiyl)-spiro[(2H)-1-benzopyran-2,4'- 
piperidine] 

20 In the manner of Example 427, 3,4-dihydro-6-methane-sulfonamido-1'-(2-phenylethyl)-spiro [(2H)-ben- 

2opyran-2,4'-piperidine]-4-one was treated with hydroxylamine hydrochloride to give, after chromatography, 

the piperidine as a solid, m.p. 95-99°C. 

Anal. Calc'd for C22H27N3O4S O.6CHCI3 : 

C, 54.16 ; H, 5.55 ; N, 8.39. 
25 Found : C, 54.37 ; H, 5.49 ; N, 8.48. 

EXAMPLE 429 

(+-)-3,4-Dihydro-1'-[2-(benzofurazan-5-yl)eth^ 

30 piperidine]-4-ol hydrochloride 

Sodium borohydride (7.5 mg, 0.2 mmol) was added to a stirred suspension of 3,4-dihydro-1'-[2-(ben- 
zofurazan-5-yl)ethyl>6-methanesulfonamidospiro-[(2H)-1-benzopyran-2,4'-piperidine]-4-one [prepared as 
described in Example 94, Step B] (45.6 mg, 0.1 mmol) in ethanol (2 ml). The mixture was stirred for 16 hours, 
then poured into aqueous sodium hydrogen carbonate (saturated, 10 ml) and extracted with dichloromethane 

35 (3x10 ml). The combined organic fractions were dried (Na 2 S0 4 ) and evaporated under reduced pressure to 
give a pale yellow oil. The residue was dissolved in ethyl acetate (2 ml) and ethanolic HCI (6N. 0.5 ml) was 
added. The mixture was cooled and the precipitate collected and dried in vacuo to give the hydrochloride as a 
white solid (32 mg, 65%), m.p. = 242-244°C. 
Anal. Calc'd. for C^CIN^S : 

40 C. 53.38 ;H, 5.50 ; N, 11.32. 

Found : C, 53.05 ; H, 5.51 ; N, 11.09. 

EXAMPLE 430 

45 I'-P-tBenzofurazan-S-yOethylJ-e-methanesulfonamido-spiro^KQ-l-benzopyran^^'-piperidine] hyd- 

rochloride ~ 

Sodium borohydride (23 mg, 0.6 mmol) was added to a stirred suspension of 3,4-dihydro-1'-[2-(ben- 
zofurazan-5-yi)ethy^6-methanesulfonamido-spiro[(2H)-1-benzopyran-2,4'-piperidine]-4-one [prepared as 
described by Example 94, Step B] (137 mg, 0.3 mmol) in ethanol (3 ml). The mixture was stirred for 20 hours, 

50 then poured into aqueous sodium hydrogen carbonate (saturated, 20 ml) and extracted with dichloromethane 
(3 x 20 ml). The combined organic fractions were dried (Na 2 S0 4 ) and evaporated under reduced pressure, p- 
Toluenesulfonic acid (monohydrate, 86 mg, 0.45 mmol) and toluene were added and the mixture was heated 
under reflux for 30 minutes, cooled and poured into aqueous sodium hydrogen carbonate (saturated, 20 ml). 
The mixture was extracted with dichloromethane (3 x 20 ml) and the combined organic fractions were dried 

55 (Na 2 S0 4 ) and evaporated under reduced pressure to give a foam (123 mg, 93%). The residue was dissolved 
in ethanol (5 ml) and ethanolic HCI (6N, 0.5 ml) was added. The mixture was stirred for 1 hour, cooled and the 
precipitate collected and dried in vacuo to give the hydrochloride as a white solid (108 mg, 75%), m.p. 271- 
273°C(dec). 
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Anal. Calc'd. for C^H^CI^S-O^SHaO : 
C, 54.88 ; H, 5.34 ; N, 1 1.64. 
Found : C, 54.98 ; H, 5.26 ; N. 11.73. 

EXAMPLE 431 

6-Amino-3,4^ihydro-142^benzofurazarv5-yl)ethyl>spiro((2H)-1-benzopyran-2,4'-piperidine]^-one 
1-[2-(Benzofurazan-5-yl)ethyl]-4-piperidinone (0.98 g, 4 mmol), N-(3-acetyl-4-hydroxyphenyl)-acetamide 
(0.77 g, 4 mmol) and pyrrolidine (0.33 ml, 0.28 g, 4 mmol) in methanol (20 ml) were heated under reflux for 3 
hours, cooled and the solvent was evaporated under reduced pressure. Water (50 ml) and aqueous sodium 
hydroxide (20%, 10 ml) were added and the mixture was extracted with ethyl acetate (3 x 50 ml). The combined 
organic fractions were dried (Na 2 S0 4 ) and evaporated under reduced pressure to give a yellow solid. Ethanol 
(40 ml) and aqueous HCI (6N, 40 ml) were added and the mixture was heated under reflux for 2 hours. The 
mixture was cooled and the ethanol was evaporated under reduced pressure. Water (40 ml) was added and 
the mixture was washed with ethyl acetate (50 ml). Aqueous sodium hydroxide (20%, 60 ml) was added slowly, 
with stirring and cooling, and the mixture was extracted with dichloromethane (3 x 100 ml). The combined 
organic fractions were dried (Na 2 S0 4 ) and evaporated under reduced pressure. The residue was triturated with 
ethyl acetate-hexane (1 : 1, 20 ml) and the solid was collected and dried in vacuo to give a yellow solid (1.17 
g, 77%). Asample was recrystallized from chloroform-hexane to give the pyranone as a yellow solid, m.p. 191- 
193°C. 

Anal. Calc'd. for C* H22N4O3.O.75H2O : 
C, 64.35 ;H, 6.04 ;N, 14.29. 
Found : C, 64.35 ; H, 5.75 ; N, 14.29. 

EXAMPLE 432 

Ethyl P.^ihydro-l^-tbenzofurazan-S-yl^thyll^xo-spiro^HVI-benzopyran^^'-piperidinel-B- 
yl)amino]sulfonyl acetate hydrochloride 

Ethyl chlorosulfonylacetate (140 mg, 0.75 mmol) in DMF (1 ml) was added dropwise to a stirred solution 
of 6-amino-3,4Klihydro-142-(benzofurazan-5^ (189 
mg, 0.5 mmol) and pyridine (40 mg, 3 mmol) in DMF (5 ml). The mixture was stirred for 4 hours, then additional 
ethyl chlorosulfonylacetate (46 mg, 0.25 mmol) was added. The mixture was stirred for 1 hour, poured into 
aqueous sodium hydrogen carbonate (saturated, 25 ml) and extracted with dichloromethane (3 * 25 ml). The 
combined organic fractions were dried (Na^d) and evaporated under reduced pressure. The residue was 
purified by flash column chromatography on silica gel, eluting with CH 2 CI 2 /MeOH/NH 3 (Aq.) (97 : 3 : 0.3) to give 
a yellow foam which was dissolved in ethyl acetate (2 ml) and treated with ethanolic HCI (6N, 0.5 ml). The mixt- 
ure was stirred for 1 hour, cooled and the solid was collected and dried in vacuo to give the hydrochloride as 
a white solid (171 mg, 61%), m.p. 250-251°C. 
Anal. Calc'd. for CjsHmCII^OtS : 
C, 53.14 ; H. 5.17 ; N, 9.92. 
Found : C. 53.00 ; H, 5.39 ; N, 9.86. 

EXAMPLE 433 

[{3,4-Dihydr<>-1'-r2-{benzofurazar^ 
sulfonyl acetic acid " ~~ " 

Aqueous lithium hydroxide (1M, 0.55 ml) was added to a stirred suspension of ethyl K3,4-dihydro-1'-[2- 
(benzofurazan-5-yl)ethyl]-4-oxo-spiro I(2H)-1-benzopyran-2,4'-piperidine]-6-yl}amino] sulfonyl acetate (264 
mg, 0.5 mmol) in methanol-water (1 :1, 20 ml) and the mixture was stirred for 2 hours. Further aqueous lithium 
hydroxide (1 M, 1 .45 ml) was added and the mixture was stirred for 24 hours. The solvent was evaporated under 
reduced pressure, water (1 0 ml) was added and the pH was adjusted to 1 .5 with aqueous HCI (3M). The mixture 
was cooled and the solid was collected and dried in vacuo to give the acid as a white solid (198 mg 79%) 
m.p. = 187-189°C. 

Anal. CalCd. for C23H 24 N 4 O 7 S0.6 H 2 0 : 
C, 54.03 ;H, 4.97 ; N, 10.96. 
Found : C, 53.97 ; H. 4.92 ; N, 10.83. 

EXAMPLE 434 
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1 , -Benzoyl^,4^ihydro-6-methoxy-spiro[(2H)-1-ben2opyran-2,4'-piperidine]-4-one 
Pyrrolidine (8.35 ml, 7.11 g, 0.1 mol) was added to a suspension of 2'-hydroxy-5'-methoxyacetophenone 
(16.62 g, 0.1 mol) in methanol (100 ml). The mixture was stirred for 10 minutes, then 1-benzoyl-4-piperidone 
(20.32 g, 0.1 mol) was added and the mixture was heated under reflux for 7 hr. The mixture was cooled and 
5 the solvent was evaporated under reduced pressure. Water (400 ml) was added and the mixture was extracted 
with ethy! «?et«t? (3 v 400 ml). The combined crs?nic tractions were evaporated under reduced "reccjrc cr.i 
ihe residue was recrysiaiiized from methanol io give the ketone as a paie yeiiow solid (29.S4 g, U4%). 
m NMR (CDCI 3 ) : 8 7.41 (5H, s), 7.30 (1H, d, J=3.1 Hz), 7.12 (1H, dd, J=9.0. 3.1 Hz), 6.94 (1H, d, J=9.0 Hz), 
4.5 (1 H, br s), 3.8 (3H, s), 3.7-3.2 (3H, m), 2.73 (2H, s), 2.3-1 .5 (4H, m). 

10 

EXAMPLE 435 

1'-Benzoyl-3,4-dihydro-6-methanesulfonamido-spiro [(2H)-1-benzopyran-2,4'-piperidine] 

Sodium borohydride (1.13 g, 30 mmol) was added in portions over 5 minutes to a stirred, ice cooled sus- 

15 pension of 1 '-benzoyl-3,4-dihydro-6-methanesulfonamidospiro[(2H)-1 -benzopyran-2,4'-piperidine]-4-one 
(prepared as described in Example 70, Method 2, Step C) (6.21 g, 15 mmol) in ethanol (150 ml). The mixture 
was stirred at room temperature for 22 hours, poured into water (1 50 ml) and the ethanol was evaporated under 
reduced pressure. The mixture was extracted with dichloromethane (4 x 1 50 ml) and the combined organic frac- 
tions were dried (Na 2 S0 4 ) and evaporated under reduced pressure to give a white foam (6.61 g). A sample 

20 (6.41 g) and p-toluenesulfonic acid (Monohydrate, 100 mg) in toluene (150 ml) were heated under reflux for 1 
hr, cooled and diluted with methylene chloride (600 ml). The mixture was washed with aqueous sodium hyd- 
rogen carbonate (saturated, 1 50 ml), dried (Na 2 S0 4 ) and evaporated under reduced pressure. The residue was 
suspended in ethanol-methanol (1:1, 200 ml), palladium on carbon (5%, 1 g) was added and the mixture was 
stirred under hydrogen (1 Atm.) for 24 hours. The mixture was filtered through celite, washing with methanol, 

25 and the filtrate was evaporated under reduced pressure. The residue was redissolved in dichloromethane, fil- 
tered through celite and evaporated under reduced pressure to give the piperidine as a foam (5.44 g, 93%). 
1 H NMR (CDCI 3 ) : 8 7.4 (5H, s), 6.98 (2H, m), 6.83 (1H, d, J 8.4 Hz), 4.5 (1H, brm), 3.6-3.2 (3H, m), 2.96 (3H, 
s), 2.8 (2H. m), and 2.0-1 .5 (7H, m). 

30 EXAMPLE 436 

1'-Benzoyl-3,4-dihydro-6-methoxy-spiro[(2H)-1-benzopyran-2.4'-piperidine] 

Following the procedures as described in Example 435, 1'-benzoyl-3,4-dihydro-6-methoxyspiro[(2H)-1- 
benzopyran-2,4'-piperidine]-4-one was reduced with sodium borohydride, dehydrated with p-toluenesulfonic 
35 acid and hydrogenated with palladium on carbon (5%) under hydrogen (50 psi) to give the piperidine as a foam 
(54%). 

1H NMR (CDCI3) : 8 7.41 (5H, s), 6.77 (1H, d), 6.69 (1H, dd), 6.61 (1H, d). 4.4 (1H, br s), 3.75 (3H, s), 3.6 (1H, 
br s), 3.40 (2H, m), 2.78 (2H, m), 1 .82 (4H, m), 1 .60 (2H, m). 

40 EXAMPLE 437 

3,4-Dihydro-6-methanesulfonamido-spiro[(2H)-1-benzopyran-2,4'-piperidine] hydrochloride 
1 , -Benzoyl-3,4-dihydro-6-methanesulfonamidospiroI(2H)-1-benzopyran-2,4'-piperidine] (5.44 g, 13.6 
mmol) was dissolved in methanol (70 ml) and aqueous HCI (6N, 105 ml) was added. The mixture was heated 
45 under reflux for 24 hr, then the volume was reduced to 50 ml by distillation. Ethanol (200 ml) was added and 
the volume was reduced to 50 ml. Further ethanol (200 ml) was added, the volume was reduced to 1 00 ml and 
the mixture was cooled. The precipitate was collected and dried in vacuo to give the hydrochloride as a white 
solid (3.77 g, 83%). A sample was recrystallized from ethanol to give the hydrochloride as a white solid, m.p. 
= 282-285°C(dec). 

50 1 H NMR (DMSO) : 8 9.35 (1 H, s), 9.1 (2H, br s), 6.95 (2H, m), 6.79 (1H, d, J 9.5 Hz), 3.17-2.90 (4H, m), 2.88 
(3H, s), 2.72 (2H, m), and 1.84 (6H, m). 
Anal. Calc'd. for CwHjiCINaOaS : 
C, 50.52 ;H, 6.36 ;N, 8.42. 
Found : C, 50.69 ; H, 6.24 ; N, 8.40. 

55 

EXAMPLE 438 

3,4-Dihydro-6-methoxy-spiro[(2H)-1-benzopyran-2,4'-piperidine] hydrochloride 



125 



EP0431 943 A2 



I'-Benzoyl-a^ihydro-e-methoxy-sp^HJ-l-benzopyran-^'-piperidine] (5.23 g, 15.5 mmol) was dis- 
solved in methanol (80 ml) and aqueous HCI (6N, 120 ml) was added. The mixture was heated under reflux 
for 24 hours, then the volume was reduced to 50 ml by distillation. Ethanol (200 ml) was added and the volume 
was reduced to 50 ml. Further ethanol (200 ml) was added, the volume was reduced to 100 ml and the mixture 
was cooled. The mixture was filtered and evaporated under reduced pressure and the residue was crystallized 
from ethanol-ether to aive. in two craps, the hydrochloride a white solid '1.29 " 31% x - 240 242°C. 
Anal. Calc'd. for CuHzoCINOa-O.SHaO : 
C, 61.10 ;H, 7.55 ;N, 5.09. 
Found : C, 61.04 ; H, 7.22 ; N, 4.91. 

The compounds of Table XXIX were prepared from 3,4-dihydro-6-methanesulfonamido-spiro[(2H)-1-ben- 
zopyran-2,4'-piperidine] hydrochloride by the method described in Example 92, Step 8, using the appropriate 
mesylate or bromide as indicated. 



"TABLE XXIX 
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Exanple 


/ — \ 


LG 


439 


-aO> 


Br 


440 


\W/ ^"2 


Br 


441 




M3S0 3 


442 


F 


*feS0 3 


443 






444 




Br 


445 






446 




MeSO a 


447 


-(CH 2 ) 3 CH 3 


Br 



•HC1 269-271 (dec) 
•0. 5EtOH 

•HC1 2G4-266(dec) 

•HC1 269-271 (dec) 
•0. 5EtOH 

*feS0 3 -HC1 242-244 

273-275(dec) 



230-232 



The compounds of Table XXX were prepared from 3,4-dihydro-6-methoxy-spiroI(2H>-1-benzopyran-2,4'- 
piperidine] hydrochloride by the method described in Example 92, Step B, using the appropriate mesylate or 
bromide as indicated. 
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448 



450 



Or »HC1 *T->-~^ ■ 



449 _/f^ Br ^25^0 262-263 



— ^^H-CN MsS0 3 .O35H20 243-245 



-N0 2 



•HCl 229-230 



•HCl 



453 - ^3 ^ s °3 . 0 .2H 2 O 

b 



* HC1 255-257 



454 <(, > ^S0 3 



•HC1 

•0. 05EtOH253-255 
•0. 2H 2 0 



45S «,«,. *"-*» 



EXAMPLE 456 

N-(4-Acetyl-54iydroxy-2-nitrophenyl)are^ 

A mixture of N-(4-acetyI-3-hydroxyphenyl)-acetamide (9.66 g, 50 mmol) and acetic anhydride (14.2 ml, 15.3 
g, 150 mmol) in dichloromethane (150 ml) was cooled to 5°C and nitric acid (90%, d 1.49, 4.70 ml, 7.00 g, 100 
mmol) was added dropwise. The mixture was stirred at room temperature for 1 hour, poured into water (150 
ml) and extracted with dichloromethane (3 x 150 ml). The combined organic fractions were dried (Na 2 S0 4 ) and 
evaporated under reduced pressure and the residue was purified by repeated flash column chromatography 
on silica gel, eiuting with hexane/30% ethyl acetate then hexane/50% ethyl acetate. The first isomer to elute 
was N-(4-acetyl-5-hydroxy-2-nitrophenyl)acetamide as a yellow solid (3.87 g, 33%). 
iH NMR (CDCI3) : 8 12.83 (1H, s), 10.78 (1H, br s), 8.78 (1H, s), 8.43 (1H, s), 2.68 (3H, s), 2.32 (3H, s). 

The second isomer to elute was N-(4-acetyl-3-hydroxy-2-nitrophenyl)acetamide as a yellow solid (0.41 g. 
3%). 

1H NMR (CDCI 3 ) : 5 13.74 (1H, s), 8.94 (1H, brs), 809 (1H. d, J 9.1 Hz), 7.88 (1H, d, J 9.1 Hz), 2.66 (3H, s), 
2.26 (3H, s). 

EXAMPLE 457 
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7-Amino-3,4^ihydro-6-nit ro-1i^ 
hydrochloride 

Pyrrolidine (108 ul, 92 mg, 1.3 mmol) was added to N-(4-acetyl-5-hydroxy-2-nitrophenyl)-acetamide (309 
mg, 1.3 mmol) in methanol (2 ml). The mixture was stirred for 10 minutes, then 1-[2-(4-cyanophenyl)ethyl]-4- 
piperidinone (296 mg, 1.3 mmol) in methanol (2 ml) was added and the mixture was h«ateri ..nrior ro fi..v fnr * 

hours, cooled and mured into am tonus sswfiiim hu^m n&n — /__*. i- j . . 

....... ' ' * — -o— ■ ——■«•«- ^civjiBicu, i^im;. i lie inixiure was ext- 

racted with dichloromethane (3 x 25 ml) and the combined organic fractions were dried (Na z S0 4 ) and evapo- 
rated under reduced pressure. The residue was purified by flash column chromatography on silica gel, eluting 
with CH 2 CI 2 /MeOH /NH 3 (Aq.) (97 : 3 : 0.3) to give the pyranone as a yellow solid (300 mg, 57%). A sample (30 
mg) was suspended in ethanol (1 ml) and treated with ethanolic HCI (6N, 0.2 ml). Ether (5 ml) was added drop- 
wise and the precipitate was collected and dried in vacuo to give the hydrochloride as a yellow solid (17 ma) 
m.p. 174-177°C (dec). " 
Anal. Calc'd. for 02^2301^040.33^0 : 
C, 58.86 ;H, 5.31 ; N, 12.48. 
Found : C, 58.87 ; H, 5.24 ; N, 12.34. 

EXAMPLE 458 

7-Amino-3,4^ihydro^nitro-1 M2-(4-c y anophenvl)ethylIspiro((2H)-1-ben2opyran-2.4'- D iperidineH-one 
In the manner of Example 457, N-(4-acetyl-3-hydroxy-2-nitrophenyl)acetamide (405 mg, 1.7 mmol), pyr- 
rolidme (142 ml, 121 mg, 1.7 mmol) and 1-[2-(4-cyanophenyl)ethyI]-4-piperidinone (388 mg, 1.7 mmol) in 
methanol (2 ml) gave, after chromatography, the title compound as an orange foam, (302 mg 44%) 
*H NMR (CDQ 3 ) : 8 7.80 (1 H, d, J=8.8 Hz), 7.58 (2H, d. J=8.2 Hz), 7.31 (2H, d, J=8.2 Hz), 6 38 (1H d J=8 8 
Hz), 5.82 (2H,brs), 2.90-2.60 (10H,m), 2.13 (2H,m). 1.76 (2H,m). 

EXAMPJ.E459 

(±)-7-Amino-3.4-dihvdr(> ^nitr^ 
zopyran^'-piperidineH-orie ~~ ~ — ~ — ' 

In the manner of Example 457, N-(4-acetyl-5-hydroxy-2-nitrophenyl)acetamide (643 mg, 2.7 mmol) and (±)- 
1-[(5,6,7,8-tetrahydro-2-napthalenecarbonitrile)-6-ylH-piperidinone (687 mg. 2.7 mmol) in methanol (16 ml) 
gave, after chromatography, the title compound as an orange foam, (730 mg, 62%) 
'H NMR (CDCI 3 ) : 8 8.80 (1H, s). 7.38 (2H, m), 7.18 (1H, d, J 9 Hz), 6.42 (2H, br s), 6.30 (1H, s) 3.42 (1 H m) 
3.02-2.78 (6H,m). 2.72 (2H,m), 2.70 (2H,s), 208 (2H, m), and 1.85-1.60 (4H, m). 

EXAMPLE 460 

7-Amino-3,4-dihvdro-1'-hexy1-6-nitrospiro[(2H)-1-benzopyran-2.4 , -piperidinH-one 

In the manner of Example 457, N-(4-acetyl-5-hydroxy-2-nitrophenyl)acetamide (1.07 g, 4.5 mmol), pyrrol 

dine (380 jil, 320 mg, 4.5 mmol) and 1-hexyl-4-piperidone (820 mg, 4.5 mmol) in methanol (15 ml) gave, after 

chromatography, the title compound as an orange gum (1.07 g, 66%) 

'H NMR (CDCI 3 ) : 5 8.78 (1 H, s), 6.4 (2H, br s), 6.28 (1H, s), 2.68 (2H, s), 2.63 (2H, m), 2.35 (4H, m), 2.00 (2H 
m), 1.77 (2H, m), 1 .50 (2H, m). 1.29 (6H, m), 0.88 (3H, t). ' 

EXAMPLE 461 

7-Amino-3,4^ihydro-1 , -heptyl-6-nitrospiro[(2H)-1-benzopyran-2,4'-piperidin1-4-one 

In the manner of Example 457, N-(4-acetyl-5-hydroxy-2-nitrophenyl)acetamide (1.07 g, 4.5 mmol), pyrroli- 

dine (380 uj, 320 mg, 4.5 mmol) and 1-heptyl-4-piperidone (890 mg, 4.5 mmol) in methanol (1 5 ml) gave, after 

chromatography, the title compound as an orange gum (980 mg, 58%). 

1H NMR (CDCI 3 ) : 8 8.79 (1H, s), 6.4 (2H, brs), 6.28 (1H, s), 2.68 (2H, s), 2.65 (2H, s), 2.35 (4H, m) 2 01 (2H 
m), 1.77 (2H,m), 1.50 (2H,m), 1.28 (8H,m), 0.88 (3H,t). ' 

EXAMPLE 462 

6,7-Diamino-3,4-dihydro-1'-r2 -(4M; y anophenyl)ethy0spirof(2H)-1-benzopvra n.2.4'.Din S ririi n ^.nn g 
dihydrochloride ~~ 

Titanium trichloride (15 wt% solution in 20-30% aqueous HCI, 5 ml) was added dropwise to a solution of 
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7-amino-3,4-dihydro-6-nitro-142-(4^yanophenyl)e^ < 238 
mg, 0.59 mmol) in acetic acid (20 ml). The mixture was stirred for 2 hours, then further titanium chloride (15 
wt%, 2.5 ml) was added. The mixture was stirred for 2 hours, poured into aqueous sodium hydroxide (20%, 80 
m!) and aqueous sodium hydrogen carbonate (saturated, 200 ml) was added. The mixture was extracted with 
ethyl acetate (3 x 100 ml) and the combined organic fractions were dried (Na^O^ and evaporated under 
reduced -rcccjrs. The residue wa? purif?*"* hy flash column chromatography on silica ael. eluting with CH 2 CI 2 - 
/MeOH /NM 3 (Aq.) (96 : 4 : 0.4) io give ihe pyiaiiOfie as an orsngs foam (1 52 rr.g, SG%). A scrr-pie (30 mg) ! w»$ 
suspended in ethanol (1 ml) and treated with ethanolic HCI (6M, 02 ml). The mixture was stirred for 1 hour, 
cooled and the precipitate was collected and dried in vacuo to give the dihydrochloride as a pale yellow solid 
(29 mg), m.p. >250°C. 
Anal. Calc'd. for C^CIaN^ : 
C, 58.80 ; H, 5.83 ; N, 12.47. 
Found : C, 58.63 ; H. 5.84 ; N, 12.31. 



EXAMPLE 463 

7 .8-Diamino^.4^ihydro-1'-[2K4^yanophenyl)ethyl1spiro((2H)-1»ben2opyran-2,4'-piperidine1-4K)ne 
In the manner of Example 462, 7-amino-3,4^ihydro-8-nitro-1'-[2-(4-cyanophenyl)ethyl]spirot(2H)-1 -ben- 
zopyran-2,4'-piperidine]-4-one (291 mg, 0.72 mmol) was reduced to give, after chromatography, the title com- 
pound as a pale yellow foam (239 mg, 89%). 

iH NMR (CDCI 3 ) : 8 7.58 (2H, d, J=8.1 Hz), 7.36 (1H, d, J=8.5 Hz), 7.31 (2H, d, J=8.1 Hz). 6.37 (1H. d, J=8.5 
Hz), 4.0 (2H. brs). 3.31 (2H, br s), 2.89-2.42 (10H, m). 2.10 (2H, m), 1.76 (2H, m). 



EXAMPLE 464 

(±)-6.7-Diamino-3,4-dihvdro-1M(5,6,7,8-tetra^^ 
zopyran-2,4'-piperidine]-4-one 

In the manner of Example 462, (±).7-amino-3.4-dihydrc-6-nitro-1'-[(5,6,7,8-tetrahydro-2-napthalenecar- 
bonitrile)-6-yl]-spiroI(2H)-1-benzopyran- 2,4'-piperidine]-4-one (690 mg. 1.6 mmol) was reduced to give, after 
chromatography, the pyranone as an orange solid (314 mg, 49%), m.p. = 184-185°C. 
1H NMR (CDCI3) : 8 7.37 (2H, m), 7.22 (1H, s), 7.16 (1H. d, J 9 Hz). 653 (1 H. s), 4.18 (2H. s), 3.10-2.75 (7H, 
m), 2.71 (4H, m), 2.61 (2H, s), Z10 (2H, m), 1.23 (4H, m). 

EXAMPLE 465 

6.7-Diamino-3,4-dihydro-1'-hexylspiro[(2H)-1-benpopyran-2.4'-piperidin]-4K)ne 

In the manner of Example 462, 7-amino-3,4-dihydro.1'-hexyl-6-nitrospiro[(2H)-1-benzopyran-2,4'-piperi- 

dinJ-4-one (1 .05 g, 2.9 mmol) was reduced to give, after chromatography, the title compound as an orange foam 

(640 mg, 67%). 

1H NMR (CDCI3) : 8 7.21 (1H, s), 6.21 (1H, s). 4.15 (2H. brs). 3.04 (2H. brs), 2.62 (2H, m), 2.59 (2H, s). 2.37 
(4H, m), 2.03 (2H, m), 1.70 (2H, m), 1.49 (2H. m), 1.29 (6H. m), 0.88 (3H, t). 



EXAMPLE 466 



ej-Diamino-S^-dihydro-l'-heptylspiro^HVI-benzopyran-^'-piperidinH-one 

In the manner of Example 462, 7-amino-3,4-dihydro-1'-heptyI-6-nitrospiro[(2H)-1-benzopyran-2,4'-piperi- 

din]-4-one (975 mg, 2.6 mmol) was reduced to give, after chromatography, the title compound as an orange 

foam (560 mg, 62%). 

'H NMR (CDCI3) : 8 7.21 (1 H. s), 6.21 (1H. s). 4.15 (2H. brs), 3.05 (2H. brs). 2.62 (2H. m). 2.59 (2H. s), 2.35 
(4H, m), 2.03 (2H, m), 1.71 (2H, m), 1.49 (2H, m), 128 (6H, m), 0.88 (3H, t). 



EXAMPLE 467 



1.[2.(4-Cyanophenyl)ethyip%8'-dihyd^ 
dihydrochloride 

Triethyl orthoformate (75 ml, 67 mg, 0.45 mmol) was added to a stirred suspension of 6,7-diamino-3,4- 
dihydro-1'-[2-(4-cyanophenyl)ethyl]spiro[(2H)-1-benzopyran-2.4'-piperidine]-4-one (56 mg, 0.15 mmol) and p- 
toluenesulfonic acid (monohydrate, 1 0 mg) in ethyl acetate (5 ml). The mixture was heated under reflux for 1 
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hour, further triethyl orthoformate (75 ml) was added and the mixture was heated under reflux for 1 .5 hour. The 
mixture was cooled and aqueous HCI (1N, 5 ml) was added. The mixture was stirred for 15 minutes, poured 
into aqueous sodium hydrogen carbonate (saturated, 25 ml) and extracted with dichloromethane (3 x 25 ml). 
The combined organic fractions were dried (Na 2 S0 4 ) and evaporated under reduced pressure. The residue was 
purified by column chromatography on silica gel, eluting with CH 2 CI 2 /MeOH/NH 3 (Aq.) (95 : 5 : 0.5) to give a 

vpjlrnw solid whir.h was stisnpnHp.ri in ethflnnj M ml\ anH treateH with ethannljr. HP.| /fiM_ 0 2 m!V Th? fP-LXture 

was stirred for 1 hour, cooled and the precipitate was collected and dried in vacuo to give the title compound 
as a tan solid (40 mg, 55%), m.p. >250°C. 
Anal. Calc'd. for C23H24CI 2 N 4 O 2 0.5 EtOH : 
C, 59.76 ;H, 5.64 ; N, 11.61. 
Found : C, 59.62 ; H, 5.63 ; N, 11.88. 

EXAMPLE 468 

1-[2-(4-Cya^ophenyl)ethyl]-6^7'^ihyd^o-6'<>xo-spiro[piperidine-4,8'(1 , ^^)•py^ano[2,3-e]benzimidazole] 
dihydrochloride 

In the manner of Example 467, 7.8-diamino-3,4-dihydro-1'-I2-(4-cyanophenyl)ethy0spiro[(2H)-1-ben- 
2opyran-2,4'-piperidinel-4-one (1 13 mg, 0.3 mmol) gave, after chromatography and saltformation, the title com- 
pound as a white solid (63 mg, 46%), m.p. = 226-229°C. 
Anal. Calc'd. for Car^CI^Oz 
C, 60.14 ; H, 5.27 ; N, 12.20. 
Found : C, 60.24 ; H, 5.46 ; N, 12.20. 

EXAMPLE 469 

(±)-1-[(5,6,7,8-Tefrahydrc-2-napfralenecarbonM^ 
pyrano(2,3-f]benzimidazole]dihydrochloride 

In the manner of Example 467, (±)-6,7-diamino-3,4-dihydro-1'-[(5, 6, 7, 8-tetrahydro-2-napthalenecarbonit- 
rile)-6-yl>spiro[(2H)-1-benzopyran-2,4'-piperidine]-4-one (161, mg, 0.4 mmol) gave, after chromatography and 
saltformation, the title compound as a light tan solid (92 mg, 47%), m.p. 228-230°C. 
Anal. Calc'd. for <^ 5 H 26 CI 2 N 4 O 2 -0.5 EtOH : 
C, 61.41 ;H. 5.75 ; N, 11.02. 
Found : C, 61.32 ; H, 5.99 ; N, 10.94. 

EXAMPLE 470 

7',8 , -Dihydro-1-hexyl-8'-oxospiroIpiperidine-4,6'-(1H)-pyrano(2,3-f]benzimidazole1dihydrochloride 

In the manner of Example 467, 6,7-diamino-3,4-dihydro-1 '-hexylspiro[(2H)-1 -benzopyran-2,4'-piperidin]-4- 

one (298 mg, 0.90 mmol) gave, after chromatography and salt formation, the title compound as an off-white 

solid (1 72 mg, 46%) mp 234-237°. 

Anal. Calc'd for CzoH^NsO^HCI : 

C, 57.97 ;H, 7.05 ; N, 10.14. 

Found : C, 58.31 ; H, 7.21 ; N, 10.19. 

EXAMPLE 471 

7',8'-Dihydro-1-heptyl-8'^xospirorj)iperidine^,6'K1H)i)yrano(2,3-f3benzimida2ole]dihydrochloride 

In the manner of Example 467, 6,7-diamino-3,4-dihydro-1'-heptylspiro[(2H)-1-benzopyran-2,4'-piperidin]- 

4-one (275 mg, 0.80 mmol) gave, after chromatography and salt formation, the title compound as an off-white 

solid (151 mg, 44%) mp 248-252°. 

Anal. Calc'd for (^H M N3O 2 -2HC|.0.75H 2 O : 

C, 57.07 ;H, 7.41 ; N, 9.51. 

Found : C, 56.96 ; H, 7.14 ; N, 9.43. 

EXAMPLE 472 

1-I2-(4-Cyanophenyl)ethyl]-2 , ,3',7',8'-tetrahydn>2'.8'-dioxo-spiro[piperidine-4,6 , (1'H)-pyrano[^ 
imidazole] hydrochloride 
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Carbonyl diimidazole (1 22 mg, 0.75 mmol) was added to a solution of 6,7-diamino-3,4-dihydro-1 '-[2-(4-cya- 
nophenyl)ethyl]-spiro[(2H)-1-benzopyran-2.4'-piperidine]-4-one (188 mg, 0.5 mmol) in THF (5 ml) and the mixt- 
ure was stirred for 3 hours. The mixture was cooled and the solid was collected and triturated with hot ethanol. 
The solid was suspended in ethanol (2 mi) and treated with ethanolic HCI (6N, 0.5 ml). The mixture was stirred 
for 1 hour, cooled and the precipitate was collected and dried in vacuo to give the title compound as a white 

MHO wwi m_r». >285*0. 

Anai. Caic'd.iorC^naCirN^Gs-i^G 
C, 60.46 ; H, 5.51 ; N, 12.26. 
Found : C, 60.43 ; H, 5.12 ; N, 12.08. 

EXAMPLE 473 

H2-(4-Cyanophenyl)ethyl3-2^3^6^7Metrahyd^o-2^6'^^dioxo-spiro[piperidine■4,8'(1'H)-py^ano[2,3-e]-ben 
zimidazole] hydrochloride 

In the manner of Example 472, 7,8-diamino-3,4-dihydro-1'-[2-(4-cyanophenyl)ethyllspiro[(2H)-1-ben- 
zopyran-2,4'-piperidine]-4-one (113 mg, 0.3 mmol) gave, after column chromatography on silica gel, eluting with 
CH 2 Cl2/MeOH/NH 3 (Aq.,) (93 : 7 : 0.7 then 90 : 10 : 1), and salt formation, the title compound as a white solid 
(78 mg, 58%), m.p. = 262-265°C (dec). 
Anal. CalCd. for CzsHaCII^Oa-OJSHaO : 
C, 61.06 ; H, 5.46 ; N, 12.38. 
Found : C. 60.99 ; H, 5.60 ; N, 12.07. 

EXAMPLE 474A 

(±H-[(5,6,7,8-Tetrahydro-2-napthalenecaiftonM^ 
dine-4,6'(1 'H)-pyrano[2,3-f]benzimidazole1 hydrochloride 

In the manner of Example 472, (±)-6,7<liamino-3,4-dihydro-14(5,6 > 7,8-tetrahydro-2-naptha-ienecarboni' s - 
rile)-6-y)Hpiro[(2H)-1-benzopyran-2,4'-piperidine]-4-one (141 mg, 0.35 mmol) gave, after flash column 
chromatography on silica gel, eluting with ChfeCI^MeOH ; 95 : 5, and salt formation, the title compound as an 
off-white solid (98 mg, 60%), m.p. = 248-250°C. 
Anal. Calc'd. for CffiHsClr^OyO^SEtOHO^HzO : 
C, 62.50 ;H, 5.76 ; N, 11.43. 
Found : C, 62.47 ; H, 5.67 ; N, 11.43. 

EXAMPLE 474B 

1-Hexyl-2^3^7^8'-tet^ahydro-2^8'-dioxospiro-^J)iperidi^e-4,6X1H)-py^ano[2,3-f]benzimidazole]-hyd- 
rochloride 

In the manner of Example 457, 6,7-diamino-3,4-dihydrc-1'-hexylspirof(2H)-1-benzopyran-2,4'-piperidin]-4 - 
one (298 mg, 0.90 mmol) gave, after chromatography and salt formation, the title compound as an pale yellow 
solid (156 mg, 45%) mp 293-297°. 
Anal. Calc'd for C2 0 H27N 3 O 3 -HCI 0.3 H 2 0 : 
C, 60.15; H, 7.22 ; N, 10.52. 
Found : C, 60.17 ; H, 6.98 ; N, 10.50. 

EXAMPLE 474C 

1-Heptyl-Z,3',7',8'-tetrahydro-2',8'-dioxospiro^ 
rochloride 

In the manner of Example 457, 6,7-diamino-3,4-dihydro-1'-heptylspiro[(2H)-1-benzopyran-2,4'-piperidin]- 
4-one (275 mg, 0.80 mmol) gave, after chromatography and salt formation, the title compound as a white solid 
(137 mg, 42%) mp 299-301°. 
Anal. Calc'd for C^HagNaCvHCIO.S H 2 0 : 
C, 61.02;H,7.46;N,10.17. 
Found : C. 61.04 ; H, 7.59 ; N, 10.16. 

EXAMPLE 475 
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1'-(2-Phenylethyl)-7,8-dihydro-8-oxospiro[6H-1,3-dioxolo[4,5-g1fnbenzopyran-6,4 > -pipefidine1 hy d- 
rochloride ' 

Pyrrolidine (83 ml, 71 mg, 1 mmol) was added to a mixture of 1-{6-hydroxy-1,3-benzodioxol-5-yl)-ethanone 
[prepared as described by K. Fukui and M. Nakayama, Bull. Chem. Soc. Jap.. 1963, 37. 300.] (180 trig, 1 mmol) 
in methanol (1 ml). The mixture was stirred for 10 minutes, then 1-(2-phenylethyl)-4-piperidinone (203 mg, 1 
mmoi) in metnanoi (i mi) was added and the mixture was heated under reflmr far .i.r hoL'r* The mixture was 
cooled, the solvent was evaporated under reduced pressure and aqueous sodium hydrogen carbonate (satu- 
rated, 20 ml) was added. The mixture was extracted with dichloromethane (3 x 20 ml) and the combined organic 
fractions were dried (Na 2 S0 4 ) and evaporated under reduced pressure. The residue was purified by column 
chromatography on silica gel, eluting with CH 2 CI 2 /MeOH/NH 3 (Aq.) (98 : 2 : 0.2) to give a yellow glass which 
was suspended in ethanol (5 ml) and treated with ethanolic HCI (6N, 0.5 ml). The mixture was stirred for 1 hour, 
cooled and the precipitate was collected and dried in vacuo to give the title compound as a white solid (153 
mg, 38%), m.p. >285°C. 
Anal. Calc'd. for Ca^CINO* : 
C, 65.75 ; H, 6.02 ; N, 3.48. 
Found : C, 65.61 ; H, 6.22 ; N..3.42. 

EXAMPLE 476 

^ ^ 1W2-(4^Cyanophenyl)ethyl]-7,8-dihyd^^ 

As described in Example 475, 1-(6-hydroxy-1,3-benzo-dioxol-5-yl)ethanone (180 mg, 1 mmol) was con- 
densed with H2-(4-cyanophenyl)ethyl]-4-piperidinone (228 mg, 1 mmol) to give, after chromatography and salt 
formation, the title compound as a white solid (1 73 mg, 41 %), m.p. 268-270°C (dec). 
Anal. CalCd. for C 2 3H 23 aN 2 04 : 
C, 64.71 ;H, 5.43 ; N. 6.56. , 
Found : C, 84.61 ; H, 5.61 ; N,..6.46. 

EXAMPLE 477 

1-(Benzofuroxan-5-carbonyl)spirotpiperidine^,646H)-thieno(2,3-b)thiopyran-4'(5'H)Hone] 
To a suspension of benzofuroxan-5-carboxylic acid (673 mg, 3.7 mmol) in methylene chloride (13 ml) was 
added DMF (2 drops) and oxalyl chloride (0.36 ml, 0.52 g, 4.1 mmol). The mixture wasstirred for3 h, the solvent 
was evaporated under reduced pressure and flushed with methylene chloride (1 3 ml). The residue was dissol- 
ved in methylene chloride (13 ml) and a portion (3 ml) was added to an ice cooled solution of spiro[piperidine- 
4,6'-(6H)-thieno(2,3-b)thiopyran-4'-(5'H)-one](276 mg, 1.0 mmol) and diisopropylethylamine (0.52 ml, 3.0 
mmol) in methylene chloride (1.7 ml). The mixture was stirred for 30 min., the solvent was evaporated under 
reduced pressure and the residue was purified by flash column chromatography on silica gel, eluting with 
hexanes/40% EtOAc. The product was triturated with hexanes/EtOAc and the solid was collected and dried in 
vacuo to give the pyranone as a white solid (307 mg, 90%), m.p. 195-196°C. 
Anal. Calc'd. for C 18 H 15 N 3 0 4 S 2 : 
C 53.84 ;H 3.77 ;N 10.47. 
Found : C 53.75 ; H 3.59 ; N 10.47. 

EXAMPLE 478 

1-(Benzofurazan-5-carbonyl)spiro[piperidine-4,6'-(6H)-thieno-(2,3-b)thiopyran-4'(5 f H)-one] 
1-(Benzofuroxan-5-carbonyl)spiro[piperidine-4,6'-(6H)-thieno(2,3-b)thiopyran-4'(5'H)-one](100 mg, 0.25 
mmol) and triethyl phosphite (0.10 g, 0.62 mmol) in THF (3.8 ml) were heated under reflux for4 h., the solvent 
was evaporated under reduced pressure and the residue was purified by flash column chromatography on silica 
gel, eluting with hexanes/40% EtOAc. The product was triturated with hexanes/EtOAc and the solid was col- 
lected and dried in vacuo to give the pyranone as a white solid (59 mg, 61%), m.p. 199-201 °C. 
Anal. Calcd. for C 18 H 15 N3O3S 2 .0.25H 2 O : 
C 55.43 ;H 4.02 ;N 10.78. 
Found : C 55.09 ;H 3.88 ; N 10.66. 
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(±)- and (+>3.4-Dihydro-1H(6-cyano-1.2,3,4-tetrahydronapthalene)-2-yl]-6-methanesulfonamidos- 
piro[(2H)-1-benzopyran-2,4'-piperidine]-4-ol hydrochloride 

In the manner of Example 429, (±)-3,4-dihydro-1'-[6-cyano-1,2,3,4-tetrahydronapthalene)-2-yl]-6- 
methanesulfonamido-spiro[(2H)-1-benzopyran-2,4'-piperidine]-4-one (651 mg, 1.4 mmoO was reduced to give, 
after chromatography, the alcohol as a foam (618 mg, 95%). A sample (200 mg) was treated with ethanolic 
HC! tc gr/s the ^-hydrochloride a «vh!te ?o!!d (164 rr>2). rr>.p. 21 6-21 8° C 
Anai. Caicd. for C^HsoCiN^S-u.SSi^G ; 
C 58.87 ; H 6.06 ; N 8.23. 
Found : C 58.96 ; H 5.95 ; N 8.18. 

In the same way. (+)-3,4-dihydro-1 '-[(6-cyano-1 ,2,3,4-tetrahydronapthalene)-2-yl]-6-memanesulfonamido- 
spiro[(2H)-1-benzopyran-2,4'-piperidine]-4-one gave, after chromatography and salt formation, the (^-hyd- 
rochloride, m.p. 182-184°C, [a] d +43.0° (c 0,128, MeOH). 

EXAMPLE 480 

(±)- and (+)-14(6-Cyano-1,2,3,4-tetrahydronapthalene)-2-yl]-6-methanesulfonamido-spiro[(2H)-1-ben- 
zopyran-2,4'-piperidine] hydrochloride 

(±)-3,4-Dihydro-r-[(6-cyancr1^,3,4-tetrahydronapthalene)-2-yl]-6-iTiethanesulfonamido-spiro^^ 
enzopyran-2.4'-piperidine]-4-ol (350) mg, 0.75 mmol) and p-toluenesulfonic acid (monohydrate, 214 mg, 1.125 
mmol) in toluene (15 ml) was heated under reflux with azeotropic removal of water for 30 min., cooled and 
aqueous sodium hydrogen carbonate (saturated, 40 ml) and water (10 ml) were added. The mixture was ext- 
racted with dichloromethane (3 x 40 ml) and the combined organic fractions were dried (Na 2 SO<) and evapo- 
rated under reduced pressure to give a tan foam which was purified by flash column chromatography on silica 
gel, eluting with CH 2 Cl2/MeOH/NH 3 (Aq.) (97 : 3 : 0.3) to give a foam (289 mg, 86%). A sample (115 mg) was 
treated with ethanolic HCI to give the (±)-hydrochloride as a white solid (104 mg), m.p. 272-274°C. In the same 
way, (+)-3,4-dihydro-1 '-[6-cyano-1 ^.S^etrahydronapthaleneJ^-yll-e-methanesulfonamido-spiro^HJ-l- 
benzopyran-2,4'-piperidineH-ol gave, after chromatography and salt formation, the (+)-hydrochloride, m.p. 
276-278°C, [a] d +48.2°(c0.112, MeOH). 

EXAMPLE 481 

(+)-3,4-Dihydro-1 4(6-cyano-1 ,2,3,4-tetrahydronapthalene)-2-yl]-6-methanesulfonamido-spiro[(2H)-1 - 
benzopyran-2,4'-piperidine] hydrochloride 

(+)-14(6-Cyano-1,2,3,4-tetrahydronapmalene)-2-yl]-6-m^ 
-piperidine] (359 mg, 0.8 mmol) was suspended in methanol (17 ml). 5% Palladium on carbon (25 mg) was 
added and the mixture was stirred under hydrogen (1 Atm.). Further 5% palladium on carbon (20 mg portions) 
was added after 7, 24 and 31 h. After 48 h, the mixture was filtered through celite, washing with methanol, and 
evaporated under reduced pressure to give a foam which was purified by flash column chromatography on silica 
gel, eluting with CH 2 CI 2 /MeOH/NH 3 (Aq.) (96 : 4 : 0.4) to give a foam (312 mg, 86%). A sample (300 mg) was 
treated with ethanolic HCI to give the (+)-hydrochloride as a white solid (261 mg), m.p. 284-286°C, [cO^SS^ 0 
(c 0.126, MeOH). 

EXAMPLE 482 

7-Amino-3,4-dihydro-6-nitro-1'-(2-phenylethyl)spiro[(2H)-1-benzopyran-2,4 , -piperidineH-one 

In the manner of Example 457, N-(4-acetyl-5-hydroxy-2-nitrophenyl)acetamide (1.07 g. 4.5 mmol) and 1- 

(2-phenylethyl)-4-piperidinone (910 mg, 4.5 mmol) in methanol (15 ml) gave, after chromatography, the 

pyranone as an orange foam, (1.23 g, 72%). 

1 HNMR (CDCI 3 ) 5 : 8.80 (1H, s), 7.28 (2H, m), 7.21 (3H, m), 6.4 (2H, br s), 6.28 (1H, s), 2.75-2.60 (6H, m), 2.70 
(2H, s), 2.49 (2H, m), 2.02 (2H. m). and 1.79 (2H, m). 

EXAMPLE 483 

7-Amino-3,4-dihydro-6-nitro-14(2,3-dihydro-1H-indene)-2-yl]-spiroK2H)-1-benzopyran-2.4 , -piperidi 
one dihydrochloride 

In the manner of Example 457, N-(4-acetyl-5-hydroxy-2-nitrophenyl)acetamide (1.07 g, 4.5 mmol) and 1- 
[(2,3-dihydro-1H-indene)-2-yi]-4-piperidinone (970 mg, 4.5 mmol) in methanol (15 ml) gave, after hydrolysis in 
refluxing ethanol (3 ml) and HCI-H 2 0 (6M, 1 ml), the dihydrochloride as a yellow solid, (0.87 g, 41%). 
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1 HNMR (DMSO) 8 : 11.5-11.1 (1H, s), 8.47 (1H, s), 8.00 (2H, br s), 7.24 (4H, m), 6.53 (1H, s), 4.15 (1H, m), 
3.47 (2H, m), 3.32 (6H, m), 2.84 (2H, s), and 2.28-2.04 (4H, m). 

EXAMPLE 484 

f+y7-Ammo-?,4-^ihyririvfi-^^ 

piperidine]-4-one 

In the manner of Example 457, N-(4-acetyl-5-hydroxy-2-nitrophenyl)acetamide (1.07 g, 4.5 mmol) and (±)- 
1-[(1,2,3,4-tetrahydronapthalene)-2-yl]-4-piperidinone (1.03 g, 4.5 mmol) in methanol (9 ml) gave, after acid 
hydrolysis in refluxing ethanol (20 ml) and HCI-H 2 0 (6M, 10 ml) and chromatography, the pyranone as an 
orange foam, (418 mg, 23%). 

iHNMR (CDCI 3 ) 5 : 8.80 (1H, s), 7.11 (4H. m), 6.4 (2H, br s), 6.30 (1H, s), 2.91-2.71 (11H. m), and 2.52-1.60 
(6H, m). 

EXAMPLE 485 

7-Amino-3,4-dihydro-6-nitro-1M(6,7,8,9-tetrahydro-5H-benzocycloheptene)-7-ylI-spiro[(2H)-1-ben- 
zopyran-2,4 f -piperidine]-4-one 

In the manner of Example 457, N-(4-acetyI-5-hydroxy-2-nitrophenyl)acetamide (785 mg, 3.3 mmol) and 1- 
[(6,7,8,9-tetrahydro-5H-benzocycloheptene)-7-yl}-4-piperidinone (802 mg, 3.3 mmol) in methanol (7 ml) gave, 
after acid hydrolysis in refluxing ethanol (20 ml) and HCI-H 2 0 (6M, 10 ml) and chromatography, the pyranone 
as an orange solid, (217 mg, 16%). 

1 HNMR (CDCl 3 ) 8 : 8.78 (1H, s), 7.12 (4H. s), 6.4 (2H, brs), 6.26 (1H, s), 2.9-2.5 (11H, m), and 2.2-1.35 (8H. 
m). 

EXAMPLE 486 

6,7-Diamino-3,4-dihydro-1 f -(2-phenylethyl)-spiro[(2H)-1-benzopyran-2,4 , -piperidine]-4-one 

In the manner of Example 462, 7-amino-3,4-dihydro-6-nitro-1'-(2-phenylethyl)-spiro[(2H)-1-benzopyran- 

2,4'-piperidine]-4-one (1.22 g, 3.2 mmol) was reduced to give, after chromatography, the pyranone as a yellow 

foam (790 mg, 70%). 

1HNMR (CDCI3) 5 : 7.32-7.10 (6H, m), 6.22 (1H, s), 4.16 (2H, br s), 3.05 (2H, br s), 2.80 (2H, m), 2.75-2.53 
(4H, m), 2.61 (2H, s), 2.48 (2H, m), 2.07 (2H, m), and 1.73 (2H, m). 

EXAMPLE 487 

6,7-Diamino-3,4-dihydro-1'-[(2,3-dihydro-1H-indene)-2-yl>spiro[(2H)-1-benzopyran-2,4'-piperidine]-4- 
one """ 

In the manner of Example 462, 7-amino-3,4-dihydro-6-nitro-1'-[(2,3-dihydro-1H-indene)-2-yI]-spiro[(2H)-1- 
benzopyran-2,4'-piperidine]-4-one dihydrochloride (8S3 mg, 1 .85 mmol) was reduced to give the pyranone as 
an orange solid (301 mg, 45%). 

1 HNMR (CDCI3) 8 : 7.16 (5H. m), 6.23 (1H, s), 4.16 (2H, brs), 3.22 (1H, m), 3.09 (4H, m), 2.90 (2H, m), 2.72 
(2H, m), 2.61 (2H, s), 2.47 (2H, m), 2.08 (2H, m) and 1.75 (2H, m). 

EXAMPLE 488 

(±)-6 l 7-Diamino-3,4-dihydro-14(1,2,3,4-tetrahydronapmalene)-2-yl]-spiro[(2H)-1-benzopyran-2,4 , -piperi- 
dine]-4-one 

In the manner of Example 462, (±)-7-amino-3,4-dihydro-6-nitro-1'-|[(1 , 2, 3, 4-tetrahydronapthalene)-2- yl]- 
spiro[(2H)-1-benzopyran-2 l 4'-piperidine]-4-one (407 mg, 1.00 mmol) was reduced to give, after 
chromatography, the pyranone as an orange foam (331 mg, 88%). 

1 HNMR (CDCI 3 ) 8 : 7.26 (1H, s), 7.10 (4H, m), 6.25 (1H, s), 4.17 (2H, brs), 3.05 (2H, brs), 3.00-2.78 (7H, m), 
2.72 (4H, m), 2.62 (2H, s), 2.1 0 (2H, m). and 1 .72 (2H. m). 

EXAMPLE 489 

6,7-Diamino-3,4-dihydro-14(6,7,8,9-tetrahydro-5H-benzocycloheptene)-7-yl]-spiroI(2H)-1-benzopyran- 
2,4'-piperidine]-4-one 
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In the manner of Example 462, 7-amino-3,4^ihydro^ftro-1'-[(6,7,8,9-tetrahydro-5H-benzocyclo-hep- 
tene)-7-yl]-spiro[(2H)-1-benzopyran-2,4'-piperidine]-4-one (215 mg, 0.51 mmol) was reduced to give, after 
chromatography, the pyranone as an orange foam (146 mg, 73%). 

1 HNMR (CDCI 3 ) 6 : 7.20 (1 H. s), 7.12 (4H, s), 6.20 (1H, s), 4.14 (2H, br s), 3.03 (2H, br s), 2.82 (2H, m). 2.71 
(5H, m), 2.58 (2H, s), 2.53 (2H, m), 2.12 (2H, m), 2.02 (2H, m), and 1.42 (2H, m). 

EXAMPLE 490 

l-g-Phenylemyl^S'-dihydro-B'-oxo-spirofriperi^^^ Dihyd- 
rochloride 

In the manner of Example 467, 6,7-diamino-3,4-dihydro-1'-(2-phenylethyl)-spiro[(2H)-1-benzopyran-2,4'- 
piperidine]-4-one (31 6, mg, 0.90 mmol) gave, after chromatography and salt formation, the dihydrochloride as 
a light tan solid (1 07 mg, 27%), m.p. 247-249°C. 
Anal Calcd. for C22H 2 5CI 2 N3O 2 0.05EtOH-0.30H 2 O : 
C 60.04 ; H 5.91 ; N 9.51. 
Found : C 60.08 ; H 5.70 ; N 9.45. 

EXAMPLE 491 . 

1 -[(2,3-Dihydro-1 H-indene)-2-yl]-7',8'-dihydro-8'-oxo-spiro[piperidine-4,6'(1 'H)-pyrano[2,3-f]benzimi- 
dazole] Dihydrochloride 

In the manner of Example 467, 6,7-diamino-3,4-dihydro-1'-[(2,3-dihydro-1H-indene)-2-yl]-spiro l(2H)-1- 
benzopyran-2,4'-piperidine]-4-one (73, mg, 49 mmol) gave, after chromatography and saltformation, the dihyd- 
rochloride as a light tan solid (73 mg, 49%), m.p. 233-236°C. 
Anal. Calcd. for CmHjsCIzNjOjO.SOHzO : 
C 61.14 ; H 5.71 ;N9.30. 
Found : C 61.14 ; H 5.58 ; N 9.22. 

EXAMPLE 492 

(i)-1-[(1,2,3,4-Tetrahydronapthalene)-2-yl]-7\8'-dihydro-8'-oxo-spiro[piperidine^,6 , (1'H 
f]benzimidazole] dihydrochloride 

In the manner of Example 467, (±)-6,7-diamino-3,4-dihydro-1'-[(1,2,3,4-tetrariydronapthalene)-2-yl]-spi- 
ro[(2H)-1-benzopyran-2,4'-piperidine]-4-one (132 mg, 0.35 mmol) gave, after chromatography and saltfor- 
mation, the dihydrochloride as a tan solid (90 mg, 55%), m.p. 233-236°C. 
Anal. Calc'd. for C24H27CI2N3O2-0.55EIOH : 
C 62.06 ; H 6.29 ; N 8.65. 
Found : C 62.08 ; H 6.66 ; N 8.75. 

EXAMPLE 493 

1-[(6, 7, 8, 9-Tetrahyd^o-5H-benzocydoheptene)-7>y^K^8 , -dihyd^c^ , -oxospiro[piperidine-4,6'(1 , H)-pyra- 
no[2,3-f]benzimidazole] dihydrochloride 

In the manner of Example 467, 6,7-diamino-3,4-dihydro-1'-{(6, 7, 8, 9-tetrahydro-5H-benzo-cyclc-hep- 
teneJ^-ylJ-spiroKZHJ-l-benzopyran^^'-piperidinel^one (29, mg, 0.075 mmol) gave, after chromatography 
and salt formation, the dihydrochloride as a tan solid (17 mg, 47%), m.p. 232-235'C. 
Anal. Calc'd. for CaHaCkN^ : 
C 63.29 ;H 6.16 ;N 8.86. 
Found : C 62.91 ;H 6.44; N 8.55. 

EXAMPLE 494 

1-(2-Phenylethyl)-2^3^7^8^et^ahydro-2^8'-dioxo-spiro[pipe^idine-4,6 , (1 , H)-pyrano[2,3-flbenzimidazolel 
hydrochloride 

In the manner of Example 472, (6,7-diamino-3,4-dihydro-1'-(2-phenyIethy1)-spiro[(2H)-1-benzopyran-2,4'- 
piperidine]-4-one (31 6 mg, 0.90 mmol) gave, after chromatography and salt formation, the hydrochloride as a 
pale yellow solid (137 mg, 36%), m.p. 298-300°C. 
Anal. Calc'd. for Car^CINsOa-O.SOHzO 
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C 62.48 ;H 5.96 ;N 9.84. 
Found : C 62.49 ; H 5.69 ; N 9.89. 



EXAMPLE 495 



f]benzimidazole] Hydrochloride — ~— ~~— 

In the manner of Example 472, 6 l 7-diamino-3,4-dihydro-1'-[(2,3-dihydro-1H-indene)-2-yl]-spiro [(2H)-1- 
benzopyran-2,4'-piperidine]-4-one (180 mg, 0.5 mmol) gave, after chromatography and salt formation, the hyd- 
rochloride as a pale orange solid (126 mg, 58%), m.p. 257-260°C. 
Anal. Calc'd. for CaaH^CINaOa -0.65EtOH.0.75H 2 O : 
C, 62.18 ;H, 6.31 ; N, 8.95. 
Found : C, 62.18 ; H, 6.10 ; N. 8.81. 



EXAMPLE 496 



(±)-1-[(1,2,3,4-Tetrahydronapthalene>2-yl]-2',3',7',8'^^^ 
rano[2,3-f]benzim?dazole] Hydrochloride 

In the manner of Example 472, (±)-6,7-diamino-3,4-dihydro-1'-I(1, 2, 3, 4-tetrahydronapthalene)-2-yl]spi- 
ro[(2H)-1-benzopyran-2,4'-piperidine]-4-one (170 mg, 0.45 mmol) gave, after chromatography and salt for- 
mation, the hydrochloride as a yellow solid (89 mg, 45%), m.p. 254-257°C. 
Calcd. for CaiHasCINaOyO.OSEtOH-l .20H 2 O : 
C 62.40 ; H 6.24 ; N 9.06. 
Found : C 62.42 ; H 5.97 ; N 8.94. 



EXAMPLE 497 



1-[(6,7,8,9-Tetrahydro-5H-betizocydoheptene)-7-yl^ 
1 'H)-pyranog,3-f]benzimidazoleI Hydrochloride 

In the manner of Example 472, 6,7-diamino-3,4-dihydro-1'-[(6,7,8,9-tetrahydro-5H-benzocycloheptene-7- 
yl]-spiro[(2H)-1-benzopyran-2,4'-piperidine]-4-one (98 mg, 0.25 mmol) gave, after chromatography and salt for- 
mation, the hydrochloride as a yellow solid (47 mg, 41 %), m.p. 260-263°C. 
Calc'd. for CaHzsCINaOa-l -50H 2 O : 
C 62.42 ; H 6.50 ; N 8.74. 
Found : C 62.32 ; H 6.35 ; N 8.59. 

In the manner of Example 339, step 8, 1-(3-hydroxypyridinyl)ethanone can be condensed with suitably 4- 
substituted piperidinones using pyrrolidine in methanol to give the following 1 '-substituted 2,4-dihydro(2H-py- 
rano[3,2-b]pyridine-2,4'-piperidine)-4-ones of Table XXXI. 
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II 

•vtoerein RM is -CCH 2 ) 3 CI%, 
-(CH 2 ) 6 Oft -CCH 2 ) 7 OH 
-(CH 2 ) 6 CI%, -CH 2 CH 2 C a i^, 

In the manner of Example 429, the appropriate pyran-4-ones can be reduced with sodium borohydride in 
ethanol to give the following 1 '-substituted 3,4-dihydro-6-methanesulfonyl-spiro[(2H)-benropyran-2,4'-piperi- 
dine]-4-ols, 1-substituted 7',8'-dihydro-8'-hydroxy-spiro[piperidine-4,6'(1 'H)-pyranol[2,3-f| benzimidazole]'s 
and 1-substituted 2^3^7^8'-tetrahydro-8'-hydroxy-2'-oxo-spiro[piperidine-4.6X1'H)-pyrano[2,3-f]benzimi- 
dazolej's of Table XXXII. 
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In the manner of Example 480, the appropriate pyran-4-ols can be dehydrated with p-toluenesulfonic acid 
in toluene to give the following 1 '-substituted S-methanesulfonyl-sp^HJ-benzopyran-Z^'-piperidinesrs, 1- 
substituted spiro[piperidine-4,6'(1'H)-pyrano[2 l 3-fJ-benzimidazole] , s and 1 -substituted 2',3'-dihydro-2'-oxo- 
spiro-[piperidine-4,6'(1 'H)-pyrano[2.3-f]benzimidazole]'s of Table XXXIII. 
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, or 



In the manner of Example 481 , the appropriate pyrans can be hydrogenated over 5% palladium on carbon 
to give the following 1 '-substituted S^-dihydro-B-methanesulfonyl-spiroKaHJ-benzopyran^^'-piperidinel's, 1- 
substituted y.S'-dihydro-spiroIpiperidine^.e'tl'HVpyrano^S-fJbenzimidazolers and 1-substituted 2',3',7',8'- 
tetrahydro-2'-oxo-spiro [piperidine-4,6'(1'H)-pyrano[2,3-fjbenzimidazole]'s of Table XXXIV. 



EP8431943 A2 
TABLE miV 




°<io 



i 

H HM 

herein -RM is -CCK 2 ) 5 CH 3J 

-(CH 2 ) 6 OH, ^(CH 2 ) 6 CH 3> 
-CCH 2 ) 7 OH, 



In a manner similar to that of Example 339, step 8, 5-methylsulfonyl-2-hydraxypropiophenone can be con- 
densed with suitably 4-substituted piperidinones using pyrrolidine in methanol to give the following 3 4-dihyd- 
ro-3-methyl-6-methanesulfonyl-1^ubsituted-spiro[(2H)-1-benzopyran-2,4'-piperidine]^onesofTable>^ 
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table pnrv 




2-M 



herein RM is -(CH 2 ) 5 CH 3 . 
-CCH 2 ) 6 OH, -CCH 2 D a CH 3 . 

-(CH 2 ) 7 OH 



xxx 



or 



EXAMPLE 498 

Ethyl 1 -methyl-3-(2 , -fluorobenzyi-nipecotate 

To a solution of ethyl 1-methylnipecotate (10.0 g. 58.4 mmol) in dry tetrahydrofuran (350 ml) was added 
at -78°C lithium bis(trimethylsilyl)amide (80.0 ml, 80.0 mmol) as a 1.0 M solution in tetrahydrofuran and the 
resulting solution was allowed to stir at -78°C for 3 hours. To this was added 2-fluorobenzylchloride (7.0 ml, 
8.5 g, 59 mmol) and the resulting solution was allowed to warm to room temperature over 5 hours. Thin-layer 
chromatography showed reaction was not complete. More 2-fluorobenzylchloride (20 ml, 2.4 g, 17 mmol) was 
added to the reaction mixture and the resulting solution was allowed to stir overnight, ca. 18 hours. The tet- 
rahydrofuran was removed by evaporation in vacuo and the orange residue was dissolved in ethyl acetate. The 
organic solution was extracted with 0.5 N HCI (4 x 100 ml) and the aqueous acid extracts were combined and 
made basic with 1 0 N NaOH. The aqueous was then extracted with ethyl acetate (5 x 100 ml) and the combined 
extracts were dried over MgS0 4 and concentrated to yield 12.1 g (74.4%) of ethyl 1-methyl-3-(2'-fluoro)-ben- 
zyl-nipecotate as an orange oil. 

'H-NMR (CDCI 3 ) 6 : 7.22-7.15 (m. 1H), 7.10-6.95 (m, 3H), 4.1*4.05 (m, 2H), 3.01 (bd, 1H, J=10.3Hz), 2.87 (s, 
2H), 2.58 (bd, 1H, J=10.3Hz), 2.24 (s, 3H), 2.04-1.95 (m, 3H), 1.69-1.60 (m, 2H). 1.30-1.22 (m, 1H), 1.16 (t 
3H,J=7.1Hz). 

EXAMPLE 499 

1-Methyl-3-hydroxymethyl-3-(2 , -fluorobenzyl)-piperidine 

To a mixture of lithium aluminum hydride (2.00 g, 50.0 mmol) in diethyl ether (100 ml) at 0°C was added 
over 0.5 hour, ethyl 1-methyl-3-(2'-fluoro)-benzyl-nipecotate (121 g. 43.5 mmol) in diethyl ether (10 ml) and tet- 
rahydrofuran (50 ml) and the resulting solution was stirred for 0.5 hour at 0°C and then warmed to room tem- 
perature for 4 hours. To the mixture was added saturated sodium potassium tartrate (50 ml) followed by crushed 
ice. The layers were separated and the aqueous was extracted with ethyl acetate. The combined extracts were 
dried over MgS0 4 and concentrated. The product was crystallized from a small amount of hexane to yield 8.77 
g (85%) of 1-methyl-3-hydroxymethyl-3-(Z-fluoro)benzyl-piperidine as a pale yellow solid : mp 58-60°C. 
1 H-NMR (CDCI3) 8 : 7.21-6.98 (m, 4H). 5.20-4.20 (bs, 1 H), 3.66 (d, 1 H, J=1 0.5Hz), 3.57 (d, 1 H, J=1 0.5Hz), 2.65- 
2.55 (m, 2H), 2.54 (s, 2H), 2.04 (s. 3H), 2.01-1.95 (m, 3H), 1.64-1.54 (m, 2H), 1.33-1.28 (m, 1H). 
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EXAMPLE 500 

N-MethyldihydfOspiroben2opyran-3,3'-pipericline 

A solution of 1-methyl-3-hydroxymethyl-3-(2'-fIuorobenzyl)piperidine (400 mg, 1.68 mmol) in DMF (3 mL) 
was treated with NaH (200 mg of 60% dispersion, 5 mmol) and heated to 1 20°C for 3 hours. The reaction mixture 
was then cooled to RT and diluted with ethyl acetate (20 mL) anri noyreri intn ?n m[ saturated sodium bicsr- 
bonate. The layers were separated and trie aqueous phase was extracted with 20 mL ethyl acetate. The 
organics were combined, dried over MgS0 4 , filtered and concentrated in vacuo . The residue was 
chromatographed on silica gel eluting with 3% MeOH/chloroform to give 266 mg (76%) of the title compound. 
The hydrochloride salt was generated in EtOH with excess ethanolic HCl. The solid was collected and dried in 
vacuo to give 150 mg, mp=227. 

1H-NMR(CDCI 3 ) 6 : 7.2-7.0 (m, 2H), 6.9-6.8 (m, 2H), 3.95 (brs, 2H), 2.8 (d, J= Hz. 1H), 2.58 (d, J= Hz. 1H), 
2.39 (m, 2H), 2.20 (m, 2H), 2.20 (s, 3H), 1 .65 (m, 2H). 1 .5-12 (m, 2H). 

Employing the reaction sequence substantially as described in Examples 498, 499 and 500, there are pro- 
duced the following compounds of Table XXXVI (starting with an appropriate N-substituted ethyl nipecotate). 



TABLE 



H 




RM RM 



■wherein RM is 

JO. 

-CCH 2 D S CH 3 , 

-CCH 2 ) fi OE or 
-(CH 2 ) 7 OH 

Employing the reaction sequence of Examples 498, 499, and 500, except starting with the appropriate N- 
substituted ethyl isonipecotate and 2-fluorobenzyl halide, there are produced the compounds of Table XXXVII. 
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TATtT.T, XXXVII 



H 
I 




•wherein -RM is 

JO. 

-CCH 2 ) 5 CH 3 , -CCH 2 ) 6 CH 3 , 
-CCH 2 ) 6 OH, -CCH 2 ) 7 OH, 

X0« "CO • - 

Employing the procedures of Example 416 and substituting the appropriate alcohol and the appropriate 
nitrile, there are produced the compounds of Table XXXVIII. 
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TAB L E TOVIII 



_lL- _j52_ 

CH3^0 2 NH- -CH 2 CE 2 0B 
CH 3 S0 2 NH- -»CH 2 CH 2 0CH 3 



R 1 


R 2 


R 20 


H 


CH 3 ^0 2 NH- 


-CH 2 CH 2 0H 


E 


CH 3 S0 2 NE- 


-CH 2 CE 2 0CH 3 


E 


CH 3 S0 2 NH- 


-CH 2 CE 2 C00CE 3 


E 


CH 3 S0 2 - 


-CH 3 


E 


CH 3 S0 2 - 


-CH 2 CE 2 0E 


E 


CH 3 S0 2 - 


-CH 2 CH 2 0CH 3 


E 


CH 3 S0 2 - 


-CH 2 CE 2 C00CH 3 




-NHCONE- 


-CH 2 CH 2 0E 




-NHCONH- 


-CH 3 




-NHCONE- 


-CH 2 CE 2 C00CE 3 




-NHCONH- 


-CH 2 CE 2 0CE 3 




-N=CB-NE- 


-CH 3 CH 2 0E 




-N=CH-NH- 


-CH 3 




-N=CH-NH- 


-CH 3 CE 2 OCH 3 




-N=CH-NE- 


-CH 2 CE 2 C00CH 3 



following compounds are prepared by methods previously described : 
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q 

'H 3 




■v*ierG±n EM is 



OH 



-CCH 2 ) 6 -OH, -(CH^OH, 
-CCH 2 ) 6 CH3. or -CH 2 CH2— ^^-CN 

The following compounds are prepared by methods previously described : 




k^/N- CH 2 CH 2 CH 2 S( O) n CH 2 CH 2 CH 3 , 



r-CH 2 CH 2 CH 2 S(0) n CH 2 CH 2 CH 3 , or 



k^N- CH 2 CH 2 CH 2 S( O) n CH 2 CH 2 CH 3j 

\vherein R 1 is CH 3 S0 2 NH or CH 3 SC>2, 

n is 0, 1 or 2 and R 4 is H or C,_ 6 alkyl. 
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The following compounds are prepared by methods previously described : 



CH 3 S0 2 

to: 




H 
H 



RM 



therein -RM is 
OH 



Utilizing the procedures essentially as described in Example 31 (Steps A, B, C and D), substituting N-ben- 
zoyl-ethyl nipecotate and p-methoxybenzyl bromide for the ethyl-1-benzoyl-4-piperidine carboxylate and benzyl 
bromide use therein and an appropriate electrophile for Step E, there were produced the following compounds: 
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,E 



MP CCO 



501 CH 3 0-^— ^ 235-237 



p 

502 CH a O 



In a manner similar to that of Example 92, Step B, 3,4-dihydro-6-methanesulfonamidospiro-[(2H)-1-ben- 
2opyran-2,4'-piperidine] may be reacted with an appropriate bromide to give the compounds of Table XXXIX. 



TABLE XXXIX 



CH 3 SQ 2 NH 




wherein RM is -(CH 2 ) 5 CH 2 OH, or 
-CCH 2 ) 6 CH 2 OH 

Employing the procedures previously described, there are produced the compounds of Table XXXX. 
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s 

U 

15 



s 1 


R 2 


R 2Q 


JUL. 


H 


CH3SO2NE- 


J 


-(GE<j)eCH<a 


H 


CH3SO2NH- 


-CH 3 


— ( CE2 ) 5CE3 


H 


CH3SO2NH- 


-CH3 


-(CH 2 ) 6 0H 


H 


CH3SO2NH- 


-CH 3 


-(CE 2 ) 7 OH 


H 


CH3SO2- 


-CH 3 


-<CH 2 )5CH 3 


H 


CH3SO2- 


-CH 3 


-(CE 2 ) 6 CH 3 


H 


CH3SO2- 


-CH3 


-(CE 2 ) 6 OH 


H 


CH3SO2- 


-CH 3 


-(CE 2 ) 7 OH 




-NHCONH- 


-CH 3 


-(GE 2 ) 5 CH 3 




-NHCONH- 


"CH 3 


-(CE 2 ) 6 CH 3 




-NHCONH- 


-CH 3 


-(CE 2 ) 6 OH 




-NECONH- 


-CH3 


-(CE 2 ) 7 OH 




-N=CE-NH- 


-CH3 


-(CE^ ) 




-N=CH-NH- 


-CH 3 


-(CE 2 )6CH 3 




-N=CH-NH- 


-CH 3 


-(CH 2 ) 6 0E 




-N=CH-NH- 


-CH3 


-(CH 2 ) 7 0E 
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TABLE ™x CONT'D 



E 1 


R 2 


R 20 


_M_ 


H 


CE 3 S0 2 NH- 


-CE2CE2COOCH3 


-(CH2)5CH3 


H 


CE3SO2NH- 


-CH2CH2COOCH3 


-<CH2) 6 CH 3 


H 


CE3SO2NH- 


-CE2CE2COOCH3 


-(CE 2 ) 6 OH 


H 


CE3SO2NH- 


-CE2CE2COOCH3 


-(CE 2 ) 7 OH 


H 


CE3SO2- 


-CH 2 CE 2 C0OCH 3 


-<CH2>5CH 3 


H 


CE3SO2- 


-CE2CE2COOCH3 


-(CH 2 ) 6 CH 3 


H 


CH3SO2- 


-CH2CH2COOCH3 


-<CE 2 ) 6 0H 


H 


CH3SO2- 


-CH2CH2COOCH3 


-(CH 2 ) 7 0H 




-NECONE- 


-CH2CE2COOCH3 


-(CE 2 )5CH 3 




-NECONE- 


-CE2CE2COOCH3 


-(CE 2 ) 6 CB 3 




-NBCONH- 


-CH2CH2COOCH3 


-(CH 2 ) 6 0H 




-NHCONH- 


-CH2CE2COOCH3 


-(CE 2 ) 7 0B 




-N=CE-NE- 


-CB2CE2COOCH3 


-(CH 2 ) 5 CE 3 




-N=CE-NE- 


-CE2CH2COOCH3 


-(CH 2 ) 6 CH 3 




-N=CE-NE- 


-CE 2 CE 2 COOCH3 


-(CH 2 ) 6 OH 




-N=CE-NE- 


-CE2CE2COOCH3 


-(CE 2 ) 7 OH 


E 


CE3SO2NE- 


-CE2CE2OH 


-(CH 2 )5CH 3 


E 


CE3SO2NE- 


-CE2CE2OE 


-(CE 2 )^CH 3 


E 


CE3SO2NH- 


-CH2CH2OE 


-<CE 2 ) 6 OE 


E 


CE3SO2NE- 


-CH2CH2OE 


-(CH 2 ) 7 0H 


E 


CE3SO2- 


-CE2CE2OB 


-(CH 2 > 5 CE 3 


E 


CE3SO2- 


-CE2CE2OB 


-(CE 2 ) 6 CE 3 


E 


CE 3 S0 2 - 


-CE2CE2OE 


-(CH 2 ) 6 0H 


E 


CE3SO2- 


-CH2CE2OE 


-<CE 2 ) 7 0H 




-NECONH- 


-CH2CE2OE 


-(CE 2 )5CE3 




-NECONE- 


-CE2CE2OE 


-(CE 2 > 6 CE 3 




-NHCONH- 


-CE2CE2OE 


-(CE 2 ) 6 0H 




-NECONH- 


-CE2CH2OH 


-(CE 2 ) 7 0H 
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TABLE XXXI CONT'D 



E 1 


R 2 


^20 


_M_ 




-N=CH-NH- 


~CH 2 CH 2 OH 


-(CH 2 ) 5 CH 3 




-N=CH-NH- 


-CH2CH2OH 


-<CH 2 ) 6 CH 3 




-N=CH-NH- 


-CH2CH2OH 


-(CH 2 ) 6 OE 




-N=CE-NH- 


-CH2CH2OH 


-(CH 2 ) 7 0H 


H 


CH3SO2NH- 


— CH 2 CH 2 0CH3 


— (CH 2 )5CE 3 


H 


CH 3 S0 2 KH- 


— CH2CH2OCH3 


-(CH 2 ) 6 CH 3 


H 


CH3SO2NH- 


-CH2CH2OCH3 


-(CH 2 ) 6 0H 


H 


CH3SO2NH- 


— CE2CE2OCH3 


-(CE 2 ) 7 0H 


H 


CH3SO2- 


-CH2CE2OCH3 


-< CH 2>5 CH 3 


H 


CH 3 S02^ 


-CB2CE2OCE3 


-(CH2)(5CH3 


H 


CH3SO2- 


-CE2CE2OCE3 


-(CH 2 ) 6 OH 


E 


CH 3 S0 2 - 


— CE2 CB2OCE3 


-(CH 2 ) 7 OH 




-NHCONE- 


-CH2CE2OCH3 


=(CE 2 )5CE2 




-NECONE- 


-CE2CE2OCE3 


— (CE 2 )gGB 3 




-NHCONH- 


-CE2CE2OCE3 


-(CE 2 ) 6 OH 




-NECONH- 


-CE2CE2OCH3 


-(CH 2 ) 7 OH 




— N=CH-NH- 


-CH2CH2OCH3 


= (GH 2 ) sjCH 3 




-N=CH-NH- 


•-CE2CE2OCE3 


-<CH 2 ) 6 CE 3 




-N=CE-NE- 


— CE2CE2OCE3 


-<CH 2 ) 6 OH 




-N=CE-NE- 


-CE2CE2OCE3 


-(CH 2 )70B 



40 
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TABLE XXXX CONT'D 



R 1 


R2 


R 20 


_£M_ 


E 


CE3SO2NE- 


— CE2CE3 


-<CE 2 >5CE 3 


H 


CE3SO2NB- 


-CE2CH3 


-<CE 2 ) 6 CE 3 


H 


CE3SO2NE- 


— CE2CE3 


-(CE 2 ) 6 OH 


H 


CE3SO2NE- 


-CE2CH3 


-(CE 2 > 7 OE 


H 


CE3SO2- 


— CE2CE3 


-<CE 2 ) 5 CE 3 


H 


CE3SO2- 


rCE2CE3 


-(CE 2 ) 6 CE 3 


E 


CE3SO2- 


-CE2CH3 


-<CE 2 ) 6 0H 


E 


CE3SO2- 


-CE2CH3 


-<CH 2 ) 7 0B 




-NHCONH- 


— CE2CB3 


-CCE 2 ) 5 CH 3 




-NECONE- 


-CE2CE3 


-(CE 2 ) 6 CH 3 




-NECONE- 


— CH2CH3 


-<CE 2 ) 6 OB 




-NECONE- 


-CE2CE3 


-(CE 2 ) 7 OB 




-N=CE-NE- 


— CE2CB3 


— (CE 2 ) 5CE3 




-N=CE-NE- 


-CE2CE3 


-(CE 2 ) 6 CB 3 




-N=CB-NE- 


-CE2CE3 


-<CB 2 ) 6 OB 




-N=CE-NE- 


-CE2CH3 


-(CH 2 ) 7 OH 



EXAMPLE 503 

In Vitro Test for Class III Antiarrhythmic Activity 
Purpose : 

This in vitro assay is designed to assess possible potassium channel blocking activity of a compound based 
on its ability to prolong effective refractory period (ERP) in isolated papillary muscle. 

Tissue Preparation : 



Ferrets (700 to 1200 grams) are anesthetized with 0.7 ml of a mixture of xylazine and ketamine HCL in 1 : 
7 ratio. Papillary muscles from the right ventricle are quickly excised from the isolated heart and mounted in 
50 ml organ baths containing Krebs-Henseleit solution (pH=7.2-7.4) at 37°C. The composition of the solution 
in millimoles per liter are as follows : NaCI, 118 ; KG, 4.7 ; NaHC0 3 ,23 ; CaCI 2 2H 2 0 2.0 ; MgSO 4 7H 2 0, 1.2 ; 
KH2PO4, 1.2 ; Dextrose, 11.1. Timolol (10- 7 M) is added to the solution to block the effects of catecholamines 
released during stimulation of the muscles. This solution is aerated with 95% 0 2 and 5% C0 2 . The tissue is 
stimulated at 1 Hz at one msec pulse duration by a square wave stimulator at a voltage 30% above threshold 
through platinum electrodes that touch the tissue just above the bottom attachment point. The tendenous end 
of the tissue is connected by thread to an isometric force transducer leading to a polygraph. 

Effective Refractory Period (ERP) Measurement : 

The ERP is determined by a standard 2 pulse protocol. Both pulses are stimulated at 1.3 x voltage 
threshold. While pacing the tissue at a basal frequency of 1 Hz, a single extrastimulus is delivered after a vari- 
able time delay. The shortest delay resulting in a propagated response is defined as the ERP. 
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Protocol : 



1. Tissues are mounted with a resting tension of 0.5 gms, stimulated at 1 Hz, and allowed to equilibrate 
for 2 hours with washings at 15-20 minute intervals. 

2. Voltaoe is adjusted to 30% above threshold and resting tension is adjusted for maximum developed 

3. Effective refractory period is measured at 1 Hz. Changes in resting tension and developed force are 
noted. 

4. After equilibration, ERP's and developed force are measured at 30 minutes following the addition of 
increasing cumulative concentrations for test agent to the organ bath. Four to five concentrations of test 
agents were used to generate a concentration-response curve. 

5. Four tissues per compound are tested. 



Results 

15 

Employing the above protocol, it has been found that the effective concentration of most of the compounds 
of this invention required to increase the refractory period by an increment of 25% above base-line is less than 
or equal to 1 0 micromolar, i.e. EC^s <s 1 0pM, whereas sotalol in the same protocol has an EC^ -20 micromolar. 

20 EXAMPLE 504 



Preparation of intravenous solutions 

A solution containing 0.5 mg of active ingredient per ml of injectable solution is prepared in the following 
25 manner. 

A mixture of 0.5 mg of active ingredient is dissolved in 1 ml of acetate buffer. The pH is adjusted using 
hydrochloric acid or aqueous sodium hydroxide to about pH 5.5. 

If it is desired that the intravenous solution be used for multi-dose purposes, 1.0 mg of methyl-p-hydroxy 
benzoate (methyl paraben) and 0.10 mg of n-propyl-p-hydroxy benzoate (propyl paraben) are mixed with the 

so other solids before adding water to dissolve the solids. The solution is prepared and stored in such a manner 
that it is suitably protected from the deleterious effects of the atmosphere. One method by which this can be 
accomplished is by preparation and storage of the solution in an atmosphere of nitrogen. The resulting solution 
is sterilized by autoclaving. injectable solutions comprising 0.001, 0.01, and 0.1 mg, respectively, of active 
ingredient per ml of solution are similarly prepared substituting the indicated amount for the above-illustrated 

35 1 0 mg quantity. Bulk injectable solutions of convenient volume for subsequent delivery in unit dosage form are 
readily prepared following the above procedure. 



EXAMPLE 505 



40 Tablet Preparation 



Tablets containing 1.0, 2.0, 25.0, 26.0, 50.0 and 100.0 mg, respectively, of active ingredient are prepared 
as illustrated below. 



TABLE FOR DOSES CONTAINING FROM 
1-25 MG OF THE ACTIVE COMPOUND 



Active ingredient 
Microcrystalline cellulose 
Modified food corn starch 
Magnesium stearate 



Amount - mg 

1.0 2.0 25.0 

49.25 48.75 37.25 

49.25 48.75 37.25 

0.50 0.50 0.50 



HS4 
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TABLE FOR DOSES CONTAINING FROM 
76-100 MG OF THE ACTIVE COMPOUND 



Active ingredient 26.0 50.0. LOO.O 

Micro-crystalline cellulose 25.0 100.0 200.0 

Modified food corn starch 2.21 4.25 8.5 

Magnesium stearate -39 0.75 1.5 

All of the active compound, cellulose, and a portion of the corn starch are mixed and granulated to a 10% 
corn starch paste. The resulting granulation is sieved, dried and blended with the remainder of the corn starch 
and the magnesium stearate. The resulting granulation is then compressed into tablets containing 1.0 mg, 2.0 
mg, 25.0 mg. 26.0 mg, 50.0 mg, and 100.0 mg of active ingredient per tablet 

Claims 

1 . A compound of structural formula : 




or a pharmaceutical^ acceptable salt thereof, wherein Ar 1 is an aromatic ring selected from 

1) benzo, 

2) thieno, 

3) furo, and 

4) pyrido ; 

the ring system comprising X, Y and Z is a 5-, 6- or 

7- membered ring system wherein X, Y and Z are independently 

-0-, C=0, CHOR 5 , -NR 6 -, CHNR7R6, -S(0) n -, C=NOR9, -(CR4R5)n-, =CH- t =N-, or a bond, wherein : 
R* and R 5 are independently 

a) hydrogen, or 

b) Chalky! ; 
R 6 is 

a) hydrogen, 

b) C^alkyl. 

c) (CH2) n -C 6 H4-Ri°, 
wherein R 10 is 

i) -N0 2 , 

ii) C^alkyl, 

iii) -O-C^alkyl, 

iv) halo, 

v) -CF 3l or 

vi) hydrogen, 

d) -CO-C^alkyl, or 
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e)-CO-C 8 H 4 -Rio ; 
R 7 and Rb are independently 

a) hydrogen, 

b) C^alkyl, unsubstituted or substituted with 
-(CR^RSJ^CR^R^-RU, 

wnerein g is 1-5. and R" is 

i) hydrogen, 

ii) -OH, or 

iii) -OC^alkyl, 

c) -CO-C^alkyl, unsubstituted or substituted with 

i)-OH, 
iQ -N(R*R6), 

iii) -OC^alkyl, or 

iv) -C0 2 RS 

d) -CO-C 6 H 4 -Rio, or 

e) R7 and R* taken together with the nitrogen atom to which they are attached represent a 5 or 6 
bered saturated heterocyclic ring, unsubstituted or substituted with oxygen or hydroxy, which ma> 
tain an additional heteroatom selected from N. S(0) n or O, such as pyrrolidine, morpholine, piper 
pyrrolidinone, piperidinone, piperazine or N-methylpiperazine • 

R 9 is 

a) hydrogen, or 

b) C^alkyl, unsubstituted or substituted with -COORs ; 
nisO, 1 or2; 



D-H, 
2) -OH, 

SJ-OCC^alkyl), 
4) -CN, 

SJ-NHSOaC^alkyl, 

6) -COOH, 

7) -COOC M alkyl, 

8) -CONR«R«, wherein R* and R« are independently 

a) hydrogen, 

b) C^alkyl, or 

c) R« and R« taken together with the nitrogen atom to which they are attached represent a 5 or 6 
membered saturated heterocyclic ring which may contain an additional heteroatom selected from 
N, S(0) n or 0, such as pyrrolidine, morpholine, piperidine, piperazine or N-methylpiperazine, 



wherein s is 1-3 and the R3 groups may be the same or different ; 
R is -(CR<RVQ-(CR4RS) q - wherein 
R 4 and R s are as defined above, 
m and q are independently 0-5, 

Q is a bond, -0-, C=0, CHOH. N-R* or-S(0) n -, with the proviso that if Q is -0-, N-RS or-S(0) n -, m is other 
than 0 or 1, and the further proviso that if Q is -O-, N-R* or-S(0) n -, and M is any functional group connected 



with the proviso that in Structure I, if X or Y is a 
that in Structure II, if Y is a heteroatom, both X an 
if Z is a heterbatom Y is not; 
Mis 




9) -NR 12 R 13 , 

10) halo, 

12) C^cycloalkane, 

13) C^cycloalkene, or 
14) 
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through a heteroatom, q is other than 0 or 1 ; 
R\ R 2 , and R 3 are independently selected from : 

1) hydrogen, 

2) alkyl, either unsubstituted or substituted with 

a) -NR 4 R 5 , wherein R 4 and R s are as defined above, 

b) -i'I{R-)CCCi_6eiikyi, 

c) -NHS0 2 (C,^alkyl), 

d) -CONR12R13, wherein R 12 and R 13 are as defined above, 

e) -CO(C^alkyl). 

f) -OH, 

g) -OfC^alkyl), 

h) -OfC^alkylKMCMalkyl), 

i) -S(0) ri (C^alkyl), 
j) imidazole, 

k) 2-imidazolidinone, 
I) 2-pyrrolidinone, 
m) -NH-C(NHR 5 )=N-CN, or 
n) -NH-C(SR5)=N-CN, 

3) -OH, 

4) 0^3 alkoxy, either unsubstituted or substituted with C M alkoxy, 

5) -N(R s )S0 2 (C,^alkyI), 

6) -N(R5)S0 2 (CH 2 )gC0 2 H, 

7) -N(R5)S0 2 (CH 2 )gC0 2 C^alkyl. 

8) -N0 2 , 

9) -N(R s )COC M alkyl, 

10) -N(R5)S0 2 -C 6 H 4 -R 4 . 

11) -N(R s )CO-C 6 H 4 -R*, 

12) -NR 4 R 5 , 

13) halo, 

14) -CO-C^alkyl, 

15) -CONR«R«, 

16) -CN, 

17) -C0 2 R 5 , 

18) -C(R5)=N-OR9, 

19) benzoyl, either unsubstituted or substituted with Chalky!, C^alkoxy, halo, or hydroxy, 

20) -NfRSJCOCHC^alkyl), 

21) -N(R s )COO-phenyl either unsubstituted or substituted with C^alkyl. C^alkoxy, hydroxy or halo, 

22) -N(R5)CONR 4 R5, 

23) -S(0) n C^alky!. 

24) -S(0) n -C 6 H 4 -R 4 , 

25) -CF 3 , 

26) phenyl, either unsubstituted or substituted with C,^ alkyl, C t _e alkoxy, halo or hydroxy, 

27) imidazolyl, 

28) -S0 2 NR«R1 3 , 

29) -N[S(0) 2 C 1 ^alkyl][(CH 2 ) p CN], wherein p is 2-5, 

30) -N(R5)-C(NR 4 R 5 )=N-CN, 

31) -N(R S )-C(SR 5 )=N-CN, or 

R 1 and R 2 on adjacent carbon atoms taken together with the Ar 1 to which they are attached represent : 
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CO 



CO 



or 




B is a ring of 5 to 8 members ; and 

At 2 is a single or fused ring carbocyclic or heterocyclic ring system containing up to 4 heteroatoms such 
as a mono- or bicyclic system selected from : 

1) benzene, 

2) pyridine, 

3) benzofuran, 

4) quinoline, 

5) benzofurazan, 

6) benzofurazan-N-oxide, 

7) benzimidazole, 

8) indole, 

9) indoline, 

10) benzbthiafurazan, 

11) benzothiafurazan-N-oxide, 

12) 1 ,3-dihydro-2, 1 ,3-benzothiadiazole, 

1 3) 1 ,3-dihydro-2,1 ,3-benzothiadiazole-2,2-dioxide, 

14) 1 ,3-dihydro-2H-benzimidazole-2-one, 

15) 2,1-benzisoxazole, 

16) quinoxaline, 

17) 1,2-benzisoxazole, 

18) indane, 

19) tetralin, 

20) benzocycloheptane, 

21) benzodioxane, 

22) 1,3-benzodioxole, 

23) imidazole, 

24) naphthalene, 

25) benzocyclobutane, 

26) thiophene, 

27) thiazole, 

28) phthalimide, 

29) pyrimidine, 

30) imidazolidin-2-one, 

31) furan, 

32) pyridine-N-oxide, 

33) pyridone, 

34) indolin-2-one, 

35) tetrazolopyridine, 
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36) 2,3-dihydrobenzofuran, 

37) benzomorpholine, 

38) isoquinoline, 

39) pyrimidindione, 

40) N.N-dKC^alkylJpyrimidindione, 

41) pyrazine, and 

42) pyridazine ; 

with the proviso that if Ar 1 is benzo, and R 1 and R 2 are hydrogen, hydroxyalkyi or alkoxy, then M is o 
than unsubstituted phenyl or hydrogen. 

2. The compound of Claim 1 wherein the cyclic moiety comprising X, Y and Z is : 

X). Xj, 

xx 5 x$. t& 



3. The compound of Claim 2 wherein the cyclic moiety comprising X, Y and Z is : 
0 OH 

XX XX XX 
X~Xj 



4. The compound of Claim 1-3 wherein Ar 1 is benzo. 

5. The compound of Claim 1-4 wherein R is a bond, or C^ alky!, unsubstituted or substituted with hydroxyl; 
and 
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a) -OH, 

b) -CN, or 

c) -(ArW) S) 
wherein Ar 2 is : 

ii) pyridine, 

iii) benzofurazan, 
Iv) tetralin, 

v) thiophene, 

vi) furan, or 

vii) 2,3-dihydrobenzofuran, 
and wherein s is 1 or 2, and R 3 is : 

i) hydrogen, 

ii) aikyl, either unsubstituted or substituted with 

A) -OH, or 

B) -NR4R5, wherein R* and R5 are hydrogen or C,^ aikyl, 

iii) -OH, 

iv) C M alkoxy, either unsubstituted or substituted with alkoxy, 
vJ-NCRiOSOztd.ealkyl), 

vi) -N0 2 , 

vii) -N(R s )COC,_ 6 alkyI, 

viii) -NtRSJCOOtC^alkyl), 

ix) halo, 

x) -CO-C^alkyl, 

xi) -CONR*R s , 

xii) -CH=N-OR», 

xiii) -CN, or 

xiv) -SfpjnC^alkyl, wherein n is 0-2. 

The compound of Claim 1-5 wherein R 1 and R 2 are independently selected from : 
a) -N0 2 , 

bj-NHSOatC^alkyl), 

c) -S0 2 (C^aIkyl), 

d) -NHS02-CbH 4 -R4, 

e) -SO2-C6H4-R4, 

f) hydrogen, or 

R 1 and R 2 taken together with the Ar 1 group to which they are attached represent 
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. The compound of Claim 6 selected from: 
3,4^ihydro-1 4(6^no-1 ,2,3,4-tetrahydro 
an-2,4'-piperidineH-one ; 

3,4^ihydro-14(6^anc)-1,2 l 3Atetrahydronaphthalene)-2.yl]^Hnetharesulfonamido-spiro[^^^ 
opyran-2,4'-piperidine]-4-ol ; 

3,4^ihydro-14(8<yanc>-1,2A4-tetra^ 
opyran-2,4'-piperidine] ; 
H(5,6J,Wetrahydro-2-naphthalenecaro^^ 

ano[2,3-f]benzimidarole] ; ' 

H(5,6J,8-tetrahydro-2-naphthalenecarbonM^^ 

,6'(1'H)-pyrano[2,3-flbenzimidazole] ; 

3^dihydro-142^benzofurcarh5-yl)ethylK^ 

ine]-4-ol ; 

3,4^ihydro-3-me%l-6-methanesulfonamid^ 
piperidineH-ol ; 

3.4^ihydro-142-(4-cyanophenyl)ethyl]^ 
iperidine]-4-one ; 

6-methanesulfonamido-1'-hexyM-hydroxy-3^ 
3.4KJihydro-3-methyl-6<nethanesulfonam 
piperidine]-4-one ; 

methanesulfonamide, N-H '-(6-cyano-1,2,3,4-tetrahydro-2-naphthal enyl)-3,4-dihydro4-oxospiro[2H-1- 

ben2opyran-2,4'-piperidin]-6-yl]- ; 

cfe or ^-3Adihydro-14(6-cyanc>-1.2,3Ateta^ 

fonamido-spirot(2H)-1-benzopyran-2,4'-piperidine]-4-one ; 

4*cetamido^4^ihydro-1M(^ 

-[(2H)-1-benzopyran-2,4'-piperidine]; 

3,4<iihydr<>14(6-cyano-1.2A4-tetrahydro™^ 

an-2,4'-piperidine]-4-ol ; 

3,4^ihydro-1M(6-cyano-1,2A4-tetrahydro^^ 

an-2,4'-piperidine] ; ' 

H(5,6J,8-tetrahydro-2-naphthalenecaroo^^ 

-pyrano[2,3-f]benzimidazole] ; 

H(5,6J>tetrahydro-2-naphthaleneca^^ 

dine-4.6'(1'H)-pyrano[2,3-f]benzimidazole]; 

H(5,6J,8-tetrahydro-2-naphthalenecarbon^ 

-fjbenzimidazole] ; 

H(5,BJ,8-tetrahydro-2-naphthalenecato 
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)-pyrano[2,3-f]benzimidazole] ; 

4-acetamido-3,4^ihydro-14(6<yano-1£,3^ 

H)-1-benzopyran-2,4'-piperidine]; 

£isortrans-3,4-dihydrCHl4(6-<yan^ 

spiro[(2H)-1-benzopyran-2,4'-piperidinel: 

3 4-rfihvHrr\.1'.Vft-rwann_H <> -9 X uu-_i \ *i ...i « . . - . . . 

„_._ . ~««.. J r«.«.ic»Hiiuiaic.ic / -^-yij-L.-iiiciiiaiieauiiunamiao-a-meinyi-spiroi(^ 

H)-1-benzopyran-2,4'-piperidine]-4-one ; 

3.4-dihydro-1'-[(6-cyano-1, 2, 3. 4-tetrahydronaphthalene)-2-yl]-6-methanesulfonyl-3-methyl-spiro[(2H)-1- 
benzopyran-2,4'-piperidine]-4-one; 

ds or trans-3,4-dihydro-1'-I(6-cyano-1, 2, 3, 4-tetrahydro-1-hydroxy-naphthalene)-2-yl]-6-methanesul- 
fonamido-spiro[(2H)-1-benzopyran-2,4'-piperidine]; 

in the (+) form, the (-) form, or mixtures thereof, and pharmaceutical^ acceptable salts thereof. 

8. The compound of Claim 6 selected from: 

1-[2-(4-cyanophenyl)ethyl>7\8'-dihydro-8'<)xo-spirolpiperidine^,6'(1'H)-pyrano[2.3-fJ-benzimidazole]; 

H2-(4-cyanophenyl)ethyl>2^^8^tetrahydro^ 

imidazole ; 

3,4^ihydro-142^4-cyanophenyl)ethyl]-6-memanesulfonyl-spiro[(2H)-1-benzopyran-2,4'-piperidine]-4-o 
ne ; 

3,4-dihydro-1'-hexyl-6-methanesulfonamido-spiro[(2H)-1-benzopyran-2,4'-piperidine]; 

3,4-dihydro-1'-hexyl-6-methanesulfonamido-spiro[(2H)-1-benzopyran-2,4'-piperidine]-4-one- 

1-hexyl-2^3^7^8'-tetrahydro-2^8'-dioxospiro^piperidi^e^,6'(1H)-pyranoI2,3-flbenzimidazole]; 

3,4^ihydro-142Kbenzofurazan-5-yl)ethyl]-6-methanesulfonamido-spiro[2H)-1.bereopyran-2,4'-piperidi 
ne]-4-one ; 

3.4^ihydro-1M2-(benzofurazan-^ 

7^8'-dihydro-1-hexyl-8'-oxospiro[piperidine-4,6'-(1H)-pyrano[2,3-f]benzimidazole]; 
3,4^ihydro-1'-{7-hydroxyheptyl)-6-memanesulfonamido-spiro[(2H)-1-benzopyran-2,4'-piperidine]-4-one; 

3,4^ihydro-1'^6-hydroxyhexyl)-6-methanesulfonamido-spiro[(2H)-1-benzopyran-2,4'-piperidineH-one; 
3,4-dihydro-1'-heptyI-6-methanesulfonamido-spiroI(2H)-1-benzopyran-2,4'-piperidinel-4-one ; 
3,4^ihydro-1'-p^4-acetylphenyl)emylJ-6-m^ 
-4-one; 

3,4^ihydro-1'-hexyl-6-methanesulfonyl-spiro[(2H)-1-benzopyran-2,4'-piperidineH-one; 
and pharmaceutical^ acceptable salts thereof. 

9. A pharmaceutical formulation comprising a carrier and a therapeutically effective amount of the compound 
of Claim 1. 

10. The use of a compound of Claim 1 for the manufacture of a medicament for treating arrhythmia and/or 
impaired cardiac pump function. 
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